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ZNIRQDUCIION 


Vegetable  crops  were  planted  on  h32,32$  acres  in  Florida  in 
19^2-53,  and  the  gross  Florida  f.o.b.  ralue  of  these  cr<^8  was 
$l51i,320,000  (^),    Vegetable  productlcm  is  a  major  industxy  of  the 
8tate«  and  this  status  has  been  reached  largely  through  continuing  re* 
search  on  nutritional  requirenentSf  disease  and  insect  control,  and 
ij^Tcrred  methods  of  mazketing*    Perhaps  the  most  notable  BxaaplB  of  this 
progx^ss  has  been  the  increase  in  the  production  of  Bwset  com  from 
practically  none  in  19U6  to  more  than  30,000  acres  in  19^3  ^th  a  value 
of  more  than  $10,000,000.    The  principal  oontributing  factor  to  this 
increase  was  the  effectiveness  of  DDT  as  a  control  of  com  earworos* 
Without  ihe  use  of  insecticides  the  vegetable  industry  of  Florida  would 
be  seriously  curtailed  if  not  entirely  eliminated* 

Since  the  reporting  of  the  insectlcidal  activity  of  didiloro- 
diphenyltrichloroethane  (DDT)  Q2)  and  the  discovezy  in  Qermany  duzlng 
World  War  II  of  the  effectiveness  of  compounds  of  phosphorous  acids 
against  insects  (38)  as  reported  iy  Cassadcy  (J),  many  organic  corq>ound8 
have  been  aynthesised  specifically  for  their  Inseoticidal  properties. 
The  chlorinated  hydrooarbms,  of  frtiioh  DDT,  aldrin,  toxaphene,  and  chloxw 
dane  are  representative,  and  the  ozganic  phosphatics,  sudi  as  parathim, 
■alathion,  demeton,  and  TEFP,  are  1^  two  classes  of  coiapounds  that  have 
been  most  widely  exploited  in  this  prooess*    All  of  these  cooqjounds  are 
included  by  the  U.  S.  Food  and  Drug  Administration  in  a  list  of  substances 
being  used  on  agricultural  products  and  likely  to  leave  residues  that  will 
create  public  health  haaards  in  as  much  as  they  are  toxic  to  warn-blooded 
animals  (3£,36). 
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To  Gombat  tiie  problem  of  harmful  residuas.  It  is  generally 
reconmended  that  applications  of  these  insecticides  be  stopped  from  7  to 
30  days  before  hairrast  (22).    The  basis  for  auoh  a  reccnmsndation  is  the 
■altitode  of  re8eaz*ohes  shoiring  that  some  amount  of  the  compoisKls  remains 
on  treated  crops  from  1  to  Hi  days  or  longer  after  application  {9,}3,2$, 
53^59) •    Hoirever^  the  insecticidal  activity  does  not  alv^ys  persist  for 
this  length  of  time,  and  in  Florida  some  of  the  more  inportant  insects 
may  pass  to  a  destructive  stage  in  their  life  cycle  in  7  days  or  less 
(U2,li5>63)»    Methods  for  the  removal  of  any  residue  that  might  be  present 
at  the  time  of  harvest  would  be  of  great  benefit  to  the  agriculture  of 
Florida.    Suoh  removal  would  permit  spr^^ylng  to  be  continued  nearer  to 
the  time  of  harvesting*    Although  treatment  may  not  be  necessazy  under 
present  conditions,  should  increased  insect  resistance  or  other  factors 
require  additional  applications^  or  an  increase  in  the  concentration  of 
insecticides,  it  would  be  of  the  utmost  importance  to  be  able  to  suggest 
aethods  for  Uie  removal  of  excess  residues* 

The  two  main  objectives  of  this  project  were  to  develop  labora- 
tory methods  for  the  evaluation  of  the  many  washing  materials  available 
and  to  determine  the  effectiveness  of  materials  thereby  selected  in  re- 
moving residues  from  treated  crops  of  celery,  green  beans,  tmoatoes, 
and  mustard  greens*    Toxaphene  and  parathion  were  selected  as  being  rep- 
resentative of  the  chlorinated  hydrooarbcsis  and  organic  phosphatics  re- 
spectively* 


;    !  .  LITERATURE  REViar  '; 

Tha  asount  of  insectloide  residues  on  vegetables  at  the  tine  of 
harvest  depends  on  seroral  factors  such  as  formulation  of  material^ 
concentration  J  rate  of  application,  growth  habits  and  configuration  of 
plants  treated,  length  cf  time  fron  application  to  harvest,  and  oliaatic 
j^tors  during  this  period*    Residues  from  insecticides  have  been  a 
problem  at  least  f rcsa  the  tLme  arsenic  sprees  began  to  be  used,  but 
interest  has  been  stimulated  Igr  the  introduction  of  the  highly  potent 
and  persistent  newer  materials. 

'  ''      '  Persistence  of  Inseoticides 

Most  of  the  information  on  the  persistence  of  these  insecticides 
has  been  reported  as  a  part  of  studies  on  the  Insectiddal  activity,  atid 
only  a  few  are  cited* 

Decker  et  al        ^oanA  parathlon  and  lindane  to  be  the  least 
persistent  of  the  materials  tested,  and  onalsions  of  aldrin,  chlortiane, 
dieldrin,  toxaphene,  and  DITT  most  persistent  in  that  order.    They  reported 
residues  of  toxaphene  of  50  ppa  on  peach  foliage  and  100  ppm  on  apple 
foliage  21  deys  after  application  of  1  pound  per  100  gallons  of  spny* 
The  resistance  of  toixaphene  to  removal  by  rain  was  greatest  of  all 
materials  testedj  however,  toxaphene  lost  its  insecticidal  effectiveness 
more  rapidly  than  it  lost  its  ability  to  be  detected  by  chemical  analysis* 
The  reported  rate  of  loss  was  not  uniform,  but  varied  apparently  in 
accord  with  the  volatility  of  the  confounds  comprising  the  mixture  since 
toxaphene  is  not  a  pure  substance* 

Vinson  azxl  Arant  (5^)  applied  toxaphene  and  parathlon  dusts  to 
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peamts,  and  after  coamerclal  hazvestlng  for  hagr,  found  little  if  acgr 
parathlon  residue  7  and  35  diQrs  after  application,  but  found  23  ppm 
toxaphene  after  7  days  and  k  ppm  after  35  dcQrs* 

Ginsberg  et  al  ^)  found  U7  ppn  of  parathion  on  alfalfm 
insaediately  after  dusting,  but  found  the  residue  to  be  very  low  after 
7  to  15  dagrs,  particularly  after  rains* 

Stascb  (|3)  reported  a  traoe  of  toxaphene  residue  on  celeiy  3 
weeks  after  application  of  10  per  cent  dust  at  a  rate  of  k  pounds  per 
aore,  and  28  ppn  3  weeks  after  application  of  2k  pouzvis  per  acre  of  a 
60  per  cent  emulsion*  She  also  reported  that  rsmoral  of  outside  leaves 
in  the  field  and  coimnercial  washing  and  packing  reduced  the  amount  of 
residue  remaining  by  about  UO  per  cent. 

Three  weeks  after  spr«Qring,  Stasch  (53)  found  that  toxaphene 
residues  on  green  beans  ranged  from  less  than  0*5  ppa  on  saiiples  froa 
plots  that  had  reoeived  3  pounds  per  acre  of  toxaphene  dust,  wettable 
powder,  or  emulsion,  to  5*5  to  12  p|»  on  those  recei^ng  18  pounds  per 
acre  in  an  emulsion  form*    Toxaphene  on  tomatoes  was  found  to  be  less 
than  5  ppn«   She  reported  little  effeot  of  rainfall  on  residues  of 
toxaphene* 

Removal  of  Hesidues 

Dehydration  of  alfelfa  sanples  reduced  the  residues  from  toxa- 
phene emulsions  about  66  per  cent  from  the  original  81  ppa,  and  froa 
parathion  wettable  powder  about  8U  per  cent  from  the  original  16  ppa, 
according  to  Stansbury  and  Daha  {$k)» 

Qaines  and  Mistric  Q2)  found  that  sprays  of  several  insecticides 
were  affected  less  by  simulated  rainfall  than  were  dust  formulations* 


Toxaphene  was  not  appreciably  affected  hy  rainfall  althou^  t^e  emulaifier 
used  had  som  slight  effect  on  the  persistence  during  the  tests  as  veil  as 
on  the  toxicity  of  the  insecticide* 

Sloan  et  al  ($1)  stated  that  DDT  and  parathion  residues  on  Iceberg 
lettuce  wers  shown  to  decrease  9U  to  99  per  cent  during  2  iredks  froa  the 
last  supplication  to  hanrest*    Qrowth  accounted  for  an  approximate  73  per 
cent  apparent  decrease  while  the  actual  deposit  loss  fay  weathering  was 
80  and  99  per  cent  of  the  original  for  DDT  and  parathion  respectively* 

Residues  from  araenical  sprays  generally  were  remored  ty  the 
utilisation  of  dilute  solutions  of  hydrochloric  acid.    Schrader  and  Haller 
(k9)  reported  in  193ii  that  the  use  of  wetting  agents  in  conjunction  with 
acid  was  advantageous*    Their  tests  showed  that  all  wetting  agents  were 
not  equally  effective  under  all  conditions* 

Since  the  introduction  of  the  newer  organic  insecticides^  only 
a  few  papers  devoted  to  the  active  removal  of  residues  have  appeared  in 
the  literature* 

Hanalo  et  al  (3][)  treated  apples  individually  with  wettable  DDT« 
and  subjected  them  to  polishing,  peeling,  brushing  with  a  dry  brush,  and 
washing  with  various  agents  including  naptha  so£^,  Dref  t,  and  oziganic 
■olvents  in  dilute  solutions  emulsified  with  Dreft  if  necessary*  Their 
washing  i^PP^^tus  consisted  of  a  round  brush  mounted  in  a  variable  speed 
stirrer*    The  wash  solution  was  placed  in  a  small  crook  with  the  bzush 
placed  in  the  center.    The  apples  were  of  a  else  to  £1%  between  the  bmsh 
and  the  crock  wall,  and  they  rotated  counter  to  the  brush  rotaticm,  and 
traveled  around  the  crock  in  the  direction  of  the  brush  rotation*  Their 
solution  concentrations  were  from  0,1  per  cent  bensene  to  1,0  per  cait 


soap  and  1*0  per  cent  acetone*    The  washing  period  was  1$  minutes  for 
all  solutions  except  that  it  was  10  ndmtes  for  the  organic  solvents* 
A  ^  to  lO-oinute  rinsing  period  in  tap  water  in  the  same  apparatus 
followed  each  washing.    Only  peeling  reoo-rod  all  the  DDT  residuesj 
polishing  xtiiBOTsd  23  to  33  per  cent;  brushing  removed  36  per  cent}  and 
washing  treatments  removed  10  to  I4I  per  cent.    None  of  the  washing 
solutions  consistently  removed  more  residue  than  tap  water  alone*  Thej 
attributed  all  removal  by  the  washings  to  mechanical  dislodging* 

Walker  (60)  reported  variable  resvilts  with  detergent  materials 
for  removing  DDT  residues  from  apples  and  pears,  but  C(mcluded  that  none 
of  the  wash  treatments  was  effective* 

Laudani  and  llarske  Ql)  treated  wool  cloth  squares  with  0*5»  1*0, 
1*5«  2.0,  and  3*0  per  cent  solutions  of  insecticides  Including  taxaphene, 
and  allowed  them  to  diy  fbr  7  dsQrs  before  subjecting  them  to  washing  and 
dxy  cleaning*    They  were  washed  for  30  minutes  at  h2  rpm  in  a  solution  of 
$  grams  of  soap  per  liter,  or  dry-cleaned  for  20  minutes  in  Stoddard 
solvent*   Uortallty  to  fabric  insects  feeding  on  the  cloth  was  used  as 
an  index  of  persistence.    Coz^lete  mortality  occurred  after  one  washing 
of  hi^er  toxajdiene  concentratlcms,  and  limited  protecticm  from  Insect 
damage  remained  after  the  third  washing*    Some  mortality  to  insects  also 
occurred  after  the  third  dry  cleaning* 

Gunther  et  al  (18)  studied  the  removal  of  DDT  and  parathion 
residues  from  the  surfaces  of  apples,  pears,  lanons,  and  orai^es.  They 
were  successful  in  reducing  residues  of  3*3  to  9.5  pp«  of  DDT  by  82  to  96 
per  cent  with  a  nundber  of  materials  i  sodium  silicate  (70  to  82  pounds  of 
58.5  BauiiB»  solution  per  100  gallons  of  water),  1*25  per  cent  hydrochlorio 
acid,  soap  (U  pounds  per  100  gallons),  and  trisodlum  phosphate  (U  pounds 
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per  100  gallons).    Sodlua  silicate  frequently  proved  superior  for  the  re-> 
■OTsl  of  residues  of  wettable  DDT  from  apples  and  pears^  and  soap  removed 
significant  amounts  from  oranges.    Parathicm  residues  were  not  signLficantlj 
z^uoed  \gr  aoy  treatment.   Apples  and  pears  ware  washed  bgr  standard  pack- 
in^ouM  techniques  in  lAiich  the  fratt  was  axposed  to  the  wash  solutions 
25  to  30  seconds^  rinsed,  and  passed  through  a  roller  dryer.    Oranges  and 
lemons  were  also  subjected  to  normal  packinghouse  treatments  i^ich  ±n» 
eluded  a  thorou^  machine~scrubbing*    No  data  were  presented  to  shoir  what 
reduction  of  residiias  would  have  occurred  had  water  alone  been  used  in 
these  commercial  processes.    The  frilurs  to  remove  parathion  waa 
attributed  to  the  apparent  solubiliiy  of  parathion  in  many  plant  oils  and 
tnocM*^     .. .  M  ' 

MeBain  «id  Richards  (39)  repozi^ed  on  the  solubilization  of  insol- 
uble liquids  by  detergents,  and  postulated  that  any  substance  can  be 
made  soluble  in  any  medium  by  the  use  of  the  proper  solubilizing  agent* 
They  used  a  number  of  cationr-activa  and  anion-^tive  detergents  on  a 
series  of  aliphatic  and  arcKaatic  hydrocarbons  and  a  number  of  polar  cobk 
pounds.    In  general,  the  various  detex^ents  shoNed  parallel  behavior, 
merely  differing  in  degree  of  solubiliaing  power.    Catiax-active  agents 
were  generally  more  effective.    There  wera,  however,  numerous  specific* 
ItiM  and  influences  of  structure,  both  of  the  detergent  and  of  the 
Material  being  solubiliiad. 

lioCutcheon  {UO,!^)  has  a  list  of  several  hundred  synthetic  de-> 
tergents  made  by  117  companies.    This  list  gives  the  name,  formula, 
main  uses,  and  some  properties  of  the  c<Mi?)ounds.    In  addition  to  this 
list,  most  manufactuwrs  provide  detailed  information  and  suggestions 


for  the  use  o£  their  materials.  ..  *.  ;  .  j  :  ; 

•  Toxicily  of  Insecticide*  •  ! 

The  tcndcily-  of  toxaphene  to  vara  blooded  animals  has  been  well 
establl^ed  Igr  Lacloagr  (28 Lehman  Q2p^)»  Agriooltural  Research 

Admlnlstntian  of  the  USDA  (57) •    Lehman  (33 )>  howeTsrn  repox>ted  that 
rats  could  ingest  a  quantity  of  the  compound  in  the  course  of  2U  hours 
which  would  have  been  fatal  if  administered  as  a  single  dose.    It  ia 
knoim  that  camphor^  to  i^ioh  toxaphene  bears  a  close  dienioal  relatiox>> 
irtiipy  is  readily  detoxified  in  the  liver,  and  he  believed  that  when  toooi- 
phone  is  ingested  in  small  quantities  over  A  period  of  time  the  detoxi- 
ficaticm  keeps  pace  with  the  intake.  «  > 

Data  presented  in  Docket  HX3-57  of  the  Federal  Security  Agency^ 
(IjU),  and  that  reported  by  Haaleton  and  Holland  (2U)  and  by  Lehman  (32>3U) 
clearly  demonstrate  the  toxicity  of  parathion.  The  toxicology  of  the 
material  and  precautions  to  be  obseznred  in  its  use  in  Florida  have  been 
presented  ty  Griffiths  et  al  (16).  v  . 


*Thi8  agency  became  the  Department  of  Health,  Bdacation  and 
Welfare  in  1953. 


"    MATERIALS  AND  MBTHCDS 
Celeiy,  Aplum  gravaolens.  Idnn.f  gvem  beans,  Phaaeoltm  rulgarls. 
(Tourn.)  L.j  tomatoes,  lycopersicon  eaculentiun,  and  mustard  greexis, 

Brassica  Juncea^  Coss,,  ware  ohosen  as  representative  of  four  general 
tgnpes  of  Tagetables  that  are  of  In^rtance  in  Florida  agriculture*  Toa*- 
pheno  and  parathion  were  selected  as  the  Insecticides  to  be  used  for 
reasons  discussed  below.    It  shotilti  not  be  caistrued  that  thi«  It  A 
rMOMMndation  for  the  use  of  these  materials  cai  "Uioso  crops,  althou^ 
they  are  effective  against  aany  insects  attacking  thea« 

'  ;  ;  .  Spray  Materials 

TQ3caphene  i\- '  ■  ■■  ■^C-..  ' 

Toxaphone  was  selscted  as  one  of  the  insecticides  used  in  this 
■■bi(Hy  because  I  (1)  it  is  a  good  axanpla  of  the  chlorinated  hydiwsarbon 
insecticides,  (2)  its  persistence  as  an  effective  residual  sprey  is  pro- 
longed, particularly  whai  a^Hed  as  an  emulsion  spray,  (3)  it  is 
effective  against  a  number  of  in^ortant  insect  pests,  and  (U)  of  the 
insecticides  for  idiich  such  data  have  been  reported,  it  is  apparently 
the  most  resistant  to  the  resKival  effects  of  water* 

Th»  Material  is  formed  by  the  chlorination  of  caaphene  to  a 
chlorine  content  of  6?  to  69  per  oent^  and  has  the  vmpixtoal  formula 
Cio%oCl8«         exact  foroula  la  unknown,  and  the  technical  product, 
according  to  Decker  et  al  {£)  is  not  a  pure  substance  but  a  mixture  of 
coaixniads.   It  la  a  lig^it  yellow,  waaqr  material  with  a  sli^t  piny  odor 
and  a  Bolting  point  range  of  65'»  to  90°C.    It  is  veiy  soluble  in  most  of 
the  consaon  organic  solvents,  " 
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The  major  disadvantage  to  its  use  in  residue  studies  is  that  a 
apeoiflc  method  of  anaj^is  has  not  been  available.    The  methods  used 
depend  upon  the  determination  of  the  total  amount  of  rfilorine  present 
and  calculation  of  toocaphene  based  on  the  ndniBEua  chlorine  content  of 
technical  toxaphene  of  6?  per  cent.   The  procedures  used  in  this  study- 
generally  followed  the  method  ad^ted  by  the  Hercules  Powder  Gonpaiy 
and  used  for  residue  work  by  the  Florida  Agricultural  Experiment  Station 
since  the  material  was  introduced.    It  is  presented  in  detail  in  Appendix 
A.    In  general,  the  insecticide  in  isoprc^anol  soluticm  was  decoii^osed 

sodium^  and  the  resulting  chlorides  detezBdnad  bsr  argwitcMoetrio 
aapercMMtric  titration  using  a  rotating  platinun  mioroelectrode* 
Obviously  chlorine  from  any  extraneous  souirce  will  be  determined  ani 
erroneously  calculated  as  toxaphene.    However,  in  the  absence  of  other 
ohloilne  containing  insecticides,  and  with  proper  blank  determinations. 
Carter  et  al  (6)  were  able  to  show  close  agroCTjent  between  bloassfiQr  btA 
total  chlorine  methods  of  analysis  of  toxs^heni* 

Aa  Mulsion  formulation  by  Califbniia  Spray  Chemical  Corporation 
eontainLng  8  pounds  of  tedinical  toxa^ene  per  galloa  was  used  in  aU 
phases  of  this  stu(^,  except  that  celery  was  spri^rod  with  an  emulsion 
from  the  sane  source  containing  9,6  pounds  of  toxaphene  per  gallon* 

Parathlon  '-s',.  ;  v,:.-.,.  •, ■  . 

Parathioo  is  pexiiapa  the  best  known  of  the  organic  phosphate 
insecticides.    It  has  been  widely  studied  in  its  mode  of  action,  trans- 
location, and  persistence.    It  is  the  only  one  of  the  phosphatics  for 
idiich  the  author  was  able  to  find  any  inforaaUon  in  ihe  literature  peiw 
taining  to  the  removal  of  residues* 


Parathion  is  the  accepted  trivial  name  of  O,0-diethyl,0-p- 
nitrophenyl  thiophosphate,  a  pale  yellow,  praotioaiajr  odorless  oil  which 
crystallises  in  long,  white  neailes  at  6,0°C.,  according  to  Hall  (19), 
It  is  soluble  to  the  extent  of  15  to  20  pp«  in  water,  and  is  soluble  in 
organio  solTents  axc^  the  low  aromatic  kerosoies. 

A  specific,  hi^ly  sensitive  method  of  analysis  is  available  (2), 
This  aethod,  in  general,  consists  of  reduction  of  the  nitzx>  group  to 
the  amine,  diasotisation,  and  oo\^>ling  with  a  ^re  intemsdiate  to  lbr« 
an  intense  magenta  color  whicA  can  be  quantitatively  measured  with 
8pectrojAot<»etric  apparatus.   This  method,  with  modifications,  was  used 
in  this  work,  and  details  of  the  procedures  are  given  in  Ai^endix  A, 

An  emulsion  formulation  by  Florida  Agricultural  Supply  Co^Mi^ 
containing  2  pounds  of  parathion  per  gallon  was  used  throughout  this 
work* 

'  Spray  Equipment     '         '  • 

The  spr^r  used  for  applying  insecticides  to  celery  mm  tractor 
Bwunted  and  covered  four  rows  at  a  passage,    HoUow-cone  nozzles  wers 
arranged,  five  per  row,  on  the  boom  in  such  a  way  that  a  single  noazla 
directed  sprajr  straight  down  on  top  of  tha  raw,  two  nossles  were  directed 
downward  from  the  t<^  sad  sides  at  an  angle  of  1*5®,  and  two  nozzles  wer« 
directed  upward  from  the  bottom  and  sides  at  an  angle  of  15°,   With  the 
tractor  driven  at  U  miles  per  hour,  about  125  gallons  of  sprfiy  per  acre 
were  applied  at  a  pvasp  pressure  of  appimimately  300  pounds  per  square 

Spr^  was  applied  to  all  other  plots  with  a  3-gallon,  coigjressed- 
air  hand  sprayer.    This  sprayer  was  fitted  near  the  bottom  with  a  n^id- 
eoupling  inlet  valve  to  permit  the  attachment  of  an  air  hose  from  a 


portable  compressed-^r  tank.    The  hose  was  long  enou^  to  pendt  the 
aprsyer  to  be  used  in  small  plots  with  pressure  being  osLntained  contin- 
uously.   It  was  found  to  be  oore  expeditious^  howe-Ter^  to  fill  the  tank 
to  the  desired  mari  wuTB  pressiure^  disconnect  the  hoaOf  ^ra7  until  pressure 
dropped  to  a  desired  ndniiaaa,  and  then  refill  to  the  iBayjmnB  pressure* 
Refilling  with  air  kept  the  spragr  well  mLxed  by  air  passage  through  the 
solution*   FresBure  waa  ■dntained  at  35  to  US  pounds  during  sprflQri]%« 
The  sprayer  head  was  made  so  that  1^  2,  or  3  holloii>>cone  nozzles  could 
be  used  depending  on  the  size  of  the  crop  (Pig*  1)* 

Detergenbs 

Sersrel  of  the  leading  detergent  manufacturing  companies  were 
asked  for  recontaendations  for  the  use  of  say  detergent  materials  made  tgr 
them  iriiidi  they-  thought  might  be  applicable  to  the  problem  of  residue 
removal*    The  materials  generously  contributed  by  them  were  catalogued  as 
to  coiqpositicmf  and  fifteen  were  selected  as  speoifLo  compounds  or  as 
representative  of  a  general  class  of  coopoonds  (Table  1)*   In  the  event 
two  or  mora  co^ounds  were  substantially  the  same,  the  test  material  was 
randomly  selected* 

Other  Equipment 

For  pxurposes  of  clazltir  and  coherence,  details  of  washers  used 
for  the  various  ert^s,  extracting  equipment,  and  procedures  followed 
are  presented,  along  with  the  results  of  preliainaiy,  screening,  and 
field  tests,  as  a  part  of  the  section  on  eaqperimaital  woiic  which  follami* 
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Fig.  1  —  Cmpressed-air  spgrayer  used  for  applying  IraBecti* 
eides  to  test  plots. 

Note  the  auxiliary  compressed-air  tank  and  the 
Interchangeable  nozzle  arrangement. 


Table  1,  ...WaaB,  conpoaition,  and  manufacturer  of  detergents  tested 
for  their  effectiveness  in  removing  insecticide  residues 
tToa  fresh  vegetables. 


Nana 

• 

1  Conposition 
t 

1 

t  Uamfacturer 
t 

!•  Orrua  neutral 
granules 

SodiuB  salt  of  technical 
lauryl  sulfate 

Proctor  and  Gandble 

2*  Olate  flakes 

Neutral  soe^ 

Proctor  and  Gamble 

3»  Triton  X-100 

Alkyl-aryl  polyether 
alcohol 

Rohm  and  Haas 

u*  Nytron  . 

Sulfonated  ketones,  amines, 
alkyl  sulfamates, 
alkylidene  sulfamates, 
allQrlidene  sulfamate 
bisulfite 

SolvcQT  Sales 
Corporation 

5*  Mentor  beads 

Alkyl-aryl  sulfcmate,  3^ 

Golgate-Palmolive- 
Peet  Company 

6.  Arctic  Syntex  HD 

Alkyl-aryl  sulfonate 
plus  builders  ^ 

'1 

Colgate-Palmolive- 
Peet  Coiq>any 

?•  Emulsifier  "M» 

Blend  of  alkyl-aryl  sul- 
f onate  and  polyoxyethylene 
ester 

Monsanto  Chemical 

8,  Teiigltol  7 

Sodium  heptadecyl  sulfate 

Carbide  and  Carbon 
Chemical  Coi^any 

9*  Tergltol  NFt  ' 

AUqrl-axyl  polyglycol 
ethers 

Carbide  and  Carbon 
ChendLeal  Company 

10*  Vatsol  0TB 

1 

Sodium  dioctyl  sulfo- 
succinate 

American  Cyanamid 
Company 

11,  0  8916  T 

Polyosyetfaylene  sorbitan 
esters  of  mixed  fatty 
and  resin  acida 

Atlas  Poirder 
Compatiy 

12,  Hsrrj  53 

Polyooyethylene  stearats 

Atlas  Powder 
GooQjany 

a  Builders  are  such  materials  as  the  poly-  and  pyrophosphates 
added  to  the  base  detergent  to  aid  in  the  suspensicm  of  the  material. 
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Table  Continued 


Nane           t               Conq}osltion  .....  Manufacturer 
 !                                          t   ^ 

13«  Brij  3$  Polyoxyethylene  lauxyl  alcohol   Atlas  Powder  CoiBpany 

Ih*  Twtten  20         Polya^eth/lena  sorbltan  Atlas  Ponder  Coapaqy 
;  Bonostearattt 

15.  0  2162  '  V    ;   Polyoxyethylene  propylene  Atlaa  Powder  CaBQ)ttqr 

glycol  monostearate 


EXPERIMENTAL 


1.  !-,  J 


EXPERIMBJTAL 

Cki«  of  the  dlf floulties  that  has  been  encountered  in  resldtae 
woxk  is  the  variability  of  samples  due  to  the  biolc^eal  differences  of 
treated  crops.    For  axanple,  tomatoes  may  come  from  plants  with  heav/ 
or  sparse  foliage  or  oelery  plants  megr  be  loose  or  coii9)act.  lArgp 
quantities  of  produce  are  therefoz>e  necessary  to  provide  enough  sao^las 
of  sufficient  size  to  minimise  the  effects  of  this  variability*    Thus  it 
would  seem  impraotioal  to  use  treated  produce  to  determine  which  of 
many  hundred  detergent  materials  is  most  effective  in  removing  insecticide 
residues,  particularly  irtien  differences  in  effectiveness  m^  be  slight. 

Data  presented  to  the  Food  mA  Drug  Administration  by  the 
American  Cyanamid    Conqjany  (Uj)  indicated  that  the  loss  of  parathion  frosi 
treated  filter  paper  was  similar  to  its  loss  from  treated  plants. 

Preliminary  Tests 

The  experimental  work  began  with  preliminaxy  tests  to  detarminm 
whether  treated  filter  pa^rs  coxild  be  washed  in  laboratory  apparatus 
and  this  siaplified  prooedare  used  to  screen  the  numerous  detergents. 
Whatman  #$0  filter  paper  is  a  vexy  toi^h  paper,  specially  hardened 
treatment  with  nitric  acid,  resists  great  pressure,  retains  vexy  fine 
precipitates,  and  can  be  repeatedly  washed  without  injuiy  to  the  paper. 
Hine-centimeter  papers  wers  found  to  require  aibout  0.$  ml.  of  toxaphen* 
OP  parathiem  emulsion  for  saturation,  and  concentrations  were  made  so 
that  each  paper  contained  20  to  25  mg,  of  toxaphene  or  5  to  10  of 
parathion  after  treating  and  air  drying. 


The  p»pw9  were  held  in  positioo  In  ttw  WMhing  apparatus 
(Fig,  2)  Toy  clanps  holding  the  paper  praotteally  lumobile.    The  papers 
were  waahed  in  a  water  spray  or  iamersed  in  a  tank  of  gently  circiilating 
water.   Sprsgr  wa«  oade  and  distributed  over  both  surfaces  of  the  paper 
by  fog  nozsles  operated  at  35  pounds  pressure,    ^y  the  use  of  fog  nozales 
or  water  moving  only  slightly  in  the  tank«  laachanical  pressure  forces 
ware  kept  at  a  minlwiw  to  give  a  better  par  'm  evaluati<m  of  the  wash 
solution  being  used.    Results  given  in  Table  2  show  the  effect  of  tfl^ 
water  apjplied  fay  fog  noziles  on  the  residues^  and  Table  3  indicates  the 

effect  of  a  water-iBsnersion  wash*  ,  <^  .         . , 

■  .    ■  ■  ■■  ■  ■   ■■  ■  f         '   :  ■ 


Table  2.— Toxaphene  and  parathion  in  ag.  on  treated  filter  papers 
water-washed  with  fog  noaslea.*  ., 


Insecticide 

t 
t 

Washing  ti«i 

applied 

t 
t 

0  lUnutes 

1       $  Uinutes 

1    1$  Minutes 

TooEaphene 

19.83 

'      .  ^5>.3i| 

19.06 

Parathion 

10.QU 

9.93 

Insecticide  mean  differences  are 

non-significant. 

•  Each  value  la  the  laean  of  duplicate  determinations  of  throe 
replicates. 


Pig,  2  •  .  Apparatus  designed  for  vashing  treated 
filter  papers. 

Water  entering  throu^  the  hose  could  be 
used  for  washing  or  rinsing*  Solutions 
from  an  auxiUazy  tank  could  also  be 
pui^ped  throu^  the  nozzles* 


Ttfble  3»— -Toxaphene  and  parathion  in  mg,  <m  treated  filter  p^pera 
waterHtrashed  bjr  iamersiOTi,  • 


1 

Insecticide  t 

Washing  time 

applied  t 
t 

0  ttinutes 

1       5  ULnutes  j 

15  Minutes 

Toxaphene 

22.65 

22.35 

21.92 

Parathion 

9.33 

9.12 

9.02 

Insecticide  mean  differences  are  nozwsignificant* 

^  £ach  value  is  the  osan  of  duplicate  deteztninations  of  1iur«e 
ireplicates. 


As  a  result  of  these  prelininary  tests,  it  appeared  that  water 
•lam  -with  a  niniimua  of  agitation  or  force  did  not  resove  appreciable 
waounta  of  either  of  the  test  insecticides,  and,  therefore,  screening 
tests  could  be  established  in  which  any  significant  reduction  in  th« 
amount  of  insectioidM  <m  the  filter  papers  should  be  due  to  the  action 
of  the  detergent. 

Screening  Tests 

All  detergent  saa^les  were  catalogued  according  to  corapositiw^ 
•nd  fifteen  were  selected  as  specific  compounds  or  representative  of  a 
general  class  of  compounds.    These  were  randomJy  assigned  to  groups  of 
three  to  facilitate  the  analysis  which  was  conducted  in  units  of  twelve 
samples.    Thus  three  replicate  samples  of  three  detergents  and  a  water- 
wash  check  constituted  each  12«saoqpls  grot^}. 


Qa  tha  basis  of  results  of  prelioinazy  teats,  a  lOsslnute  wash- 
ing hf  inmersion  followed  by  a  rinsing  period  of  2  minutes  under  a  water 
spray  was  estaislished  as  the  standard  to  be  followred  in  the  screening 
tests*    Primary  consideration  was  gi-ven  to  this  type  of  washing  prooeduzv 
since  it  seened  to  be  the  type  that  would  be  most  adaptable  for  packing- 
house use  (Fig.  3)*    It  was  also  the  opinion  that  a  washing  tins  of  10 
minutes  would  be  adequate  to  permit  treatment  differences  that  nighfe 
exist  to  be  evaluated  properly.    The  2-oinute  rinsing  period  allowed  focr 
the  apparent  removal  of  deterg«its  maatnlng  on  tbe  papers  after  washing* 

Since  toxaphene  is  more  resistant  1h«n  parathion  to  removal  by 
water  (rainfall)^  this  insecticide  was  used  for  the  majority  of  the 
screening  tests*   Those  detergents  which  removed  the  hl^^est  percentage 
of  toKS^hene  from  the  treated  papers  were  further  evaluated  \jy  usii^ 
papers  treated  with  parathion* 

Twelve  9-cm.  maatman  #50  filter  p^ers  were  uniformly  saturated 
with  0.5  ml*  of  an  emulsion  containing  UO  to  kS  mg.  of  toocaphene  or  5  to 
10  mg.  of  paraliiion  per  milliliter*    The  papers  were  allowed  to  dry  at 
room  tenperatures  (70P  to  90^.),  and  then  were  washed  in  a  random  order. 
The  papers  were  clamped  in  the  holders  and  immersed  in  a  horiaontal 
position  (for  conveoiiwee  only)  in  the  wash  solutions  in  such  a  wsty  that 
the  solution  circulation  was  not  inqE>aired  on  either  surface.    The  solu- 
tions were  agitated  by  a  propellor-type  mixer  only  enough  to  create  a 
constant  circulation*   Detergent  oonceiTtraticm  was  based  wherever  possible 
on  the  manufacturer's  reeamaendationj  otherwise,  it  was  based  on  avail- 
able information  for  that  or  a  similar  conpoxmd.    The  wash  solution  was 
removed  from  the  tank  after  each  pi^r  had  been  washed,  and  the  apparatus 
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Fig,  3  -  -  G<NatBercial  Washing  of  Celery 


«U  rinsed.    Howerer,  all  three  papers  of  an^  one  treatment  were  washed 
In  the  same  solution.    No  a^^arent  differences  in  replicates  due  to 
this  were  noted,  and  it  was  felt  that  any  satisfaotoxy  washing  material 
Bhotild  be  able  to  maintain  its  effeotlveness  for  sereral  washings. 

After  washing  for  10  minutes,  the  papers,  in  their  holders,  were 
rinsed  for  2  minutes  in  a  sprsQr  of  tap  water  from  the  fog  nozsles.  The 
papers  were  then  ai^^-dried,  and  the  residue  maaining  extracted  by 
placing  the  papers  in  100  ml.  of  benaene  in  a  closed  jar  and  allowing 
oremight  extraction.   A  shorter  extraction  time  pextiaps  would  hare  been 
adequate,  but  it  was  generally  convenient  to  allow  overnight  standing 
for  this  step.    Aliquots  of  this  extract  solution  were  used  for  residue 
analyses      the  indicated  methods.    Results  are  given  in  Table  iu 

These  tests  were  repeated,  in  part,  using  toxaphene  concentrations 
of  75  to  100  mg.  per  paper,  and  results  were  generally  the  saas* 

From  these  screening  tests,  it  was  apparent  that  wide  differences 
In  the  effectiveness  of  detergents  in  removing  residues  occurred.  The 
differences  in  magnitude  and  order  of  effectiveness  between  inseoticidee 
were  not  great,  and,  in  the  Ught  of  later  work,  probably  were  due  to 
sampling  variation. 

These  results  indicated  that  this  laboratory  method  was  an 
eff eotive  tool  for  the  screening  of  large  numbers  of  washing  materials 
to  detenoine  which  were  most  effective  in  their  removal  action  oa 
residues  of  toxaphene  and  parathion* 


Table  U*~-Toxaphene  and  parathlon  reslduaa  om  treated  filter  papers 
following  detergent  washii^. 


lashing  solution 

1    Insecticide  (mg)  • 

1  Per  cent  less  than 
t  after  water  washing 

Naoe 

1  Cone* 

1  Toxaphene 

1  Parathion 

1  Toxaphene 1 

Parathion 

% 

Water 

tUf   mm  mm 

25.20 

10.53 

m  <m  «• 

... 

Tut  1          X  llVt 

Triton  1— j.LaJ 

1  ft  b 
1*0 

lo.o? 

25.83 

20.13 

(XLate  flakes 

1*0 

19.12 

0.55 

2lt.l3 

18.80 

iween 

00  1 1. 
22.1U 

i2.m 

Vater 

21.U9 

arotoLO  oyntttc  nu 

iy»39 

■  ■  .' 

Tergitol  7  , ;  , 

1*0 

19. 3U 

10.01 

... 

MTPJ  53  '  .  ; 

0.5 

21.17 

w  w 

1.U9 

«  «>  4BI 

later 

22.86 

«a   •«  Me 

... 

Baulsifler  "11" 

/%  i*  b 

18.67 

8.10 

18.33 

23.08 

Tergitol  NPX 

1.0 

18.50 

***** 

19.08 

0  2162 

0.5 

19.1ii 

16.27 

... 

Water 

21.56 

«  <•  «. 

...   .  ' 

orrus  neuw*aj. 

0.5 

19 

itm  mm 

> 

9.97 

.  •  t  '     '  ,•■ ' 

Ifentor  beads 

0.5 

20  ja 

5.29 

BriJ  35 

0.5 

19.76 

8.35 

... 

Water 

24.96 

Hjrtron 

0.2 

23.97 

3.97 

Vatsol  0TB 

0.1 

22.33 

■»  "  «> 

lo.5i* 

.  .  «• 

0  8916  T 

0.5 

20.78 

16.75 

•  Each  value  is  the  mean  of  duplicate  deterainations  of  three 
replicates. 


°  Concentrati<ms  redvioed  to  0.1  per  o«xt  for  parathion  and 
later  tests. 


Kemoval  of  Inseotiddea  froa  Treated  Vegetables 
Of  the  fifteen  detergents  eYaloated  In  screening  teste,  oiOyr  four 
were  considered  effective  enough  for  the  roaoval  of  Insecticide  residues 
to  warrant  their  use  on  treated  veg«UI»l«l*   Zh«s«  four  materials  werei 
(1)  Triton  X-100,  (2)  Olate  flakes,  (3)  Tergitol  Hffi,  a«i  {k)  Emulsified 
"M"»    Celexjr,  green  beans,  tomatoes,  and  mustard  greens  were  selected 
as  representatlTB  Tegetables  for  these  tests* 
Celeiy  -    Winter  iy$2«^3 

Ihs  first  of  these  tests  was  nids  on  oeleigr  grown  at  the  Central 
Florida  EKperiB»nt  Station  in  Sanfbord*   lloilda  Faseal  variety  of  oelezjr 
was  transplanted  to  the  field  on  Noveidser  19,  19^2,  into  six  blocks, 
•Mh  30  feet  long  ly  four  30->inch  rows  wide*    Blocks  were  separated  at 
the  ends  ly  a  12-foot  space*    Noraal  cultural  practices  were  followed 
flocoept  that  no  Insecticides  other  thai  toxc^hene  were  applied,  and  it 
was  not  necessary  to  use  any  fungioides*    CdLifoznia  Spray  (Sieodoal 
CJorporation  "All-Tooc"  containing  9,6  pounds  of  toxaphene  per  gallon  was 
applied  at  a  rate  of  2,$  pints  per  100  gallons  per  acre,  with  6  ounces 
«f  Triton  BnL956  per  100  gaUons  used  as  a  spreader-sticker*  A^licatLons 
were  made  with  a  tractorHmounted  spnyer*    The  first  application  of 
tQxa{diene  was  aads  on  Januaay  27«  «nd  subsequcmt  a^plioaticms  were  mads 
at  weekly  intervals  througji  februaiy  17*    Hariresting  was  done  on  February 
17  and  Mart*  3*    Mlninua  air  ten^ieratures  from  January  27  through  Ifarcdi  3 
were  from  38®  to  62°F*  and  averaged  .«Jl®j  maximuns  were  f rot  61°  to  88®F* 
and  averaged  75®.    Total  rainfall  during  this  period  was  2*97  Inchesi 
0.93  inch  the  first  2  d^s  after  the  sectmd  application  of  spriy,  0*56 
inch  2  days  before  the  third  application,  0*60  inch  2  diys  prisr  to  ths 
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fourth  application,  and  O.SU  inch  during  the  2-<r«ek8  period  betvem  har- 
T«8t8.    Unmeasured  traces  fell  at  other  tinss*  . 

The  alternate  ends  of  the  two  center  rows  were  harvested  on 
February  17,  2  hours  after  the  fourth  aijplication  of  spray,  ApproodLmately 
100  stalks  were  cut  froa  each  block,  triansd  to  a  standard  18-inoh 
length,  and  packed  in  two  wirebound  celery  crates.    Two  crates  of  plant* 
were  also  out  frcn  check  plots  that  had  received  no  spri^.    All  of  the 
celery  was  placed  in  cold  storage  in  Gainesville  about  6  hours  after 
harvesting.    Storage  teiqperature  was  l^^F,,  and  relative  huoidilgr  wa« 
90  to  100  per  cwit,  ,  i, 

.< ,  Washing  treatments  and  residue  extraction  of  samples  began  U8 
hours  after  hanresting.   Block  1  was  treated  and  residues  extracted  the 
first  d^y.  Block  2  the  second  digr,  until  Block  6  was  treated  m  the 
sixth  diiy.    This  procedure  was  foUoired  because  of  the  physical  inpossi- 
bility  of  coB^letlng  the  washing  and  extraction  of  more  than  one  block 
in  ary  one  day. 

The  celery  from  each  block  was  mixed  and  divided  into  five  lota 
of  18  stalks  each,  and  a  sixth  lot  of  the  same  sise  was  taken  fron  the 
two  crates  of  the  check  plots.    Treatments  were  assigned  to  each  lot  in 
a  random  manner,  and  washing  treatments  were  made  in  a  randoo  order, 
Treataents  were i  (A)  unsprayed  celery  washed  in  water,  (B)  sprayed  celery 
that  was  not  washed,  (G)  sprayed  celery  washed  in  water,  (D)  spreyed 
celery  washed  in  a  1.0  per  cent  solution  of  Tritcm  X-lOO  (following  a 


*  Stalk  as  usad  herein  refers  to  the  entire  plant  minus  roots 
and  leaves  removed  in  the  field. 


conference  with  the  supplier,  this  concentration  was  redticed  to  0,1  per 
eent  for  all  subsequent  testa),  (E)  sprqred  celezy  washed  in  a  1.0  per 
cent  solution  of  Olate  flakes,  and  (P)  sprayed  celery  washed  in  a  1.0 
per  coit  solution  of  Tergitol  NHC  (this  concentration  was  also  reduced 
to  0«1  per  cent  in  later  tests  in  an  effort  to  reduce  excessi-rB  w«ig)xt 
losses  of  the  celezy)*   All  solutions  vers  calculated  as  per  cent  by 
weight,  and  temperatures  were  kept  at  about  72^F» 

The  18  stalks  of  oelexy  in  each  treataent  were  placed  in  a  tank 
containing  30  liters  of  the  treatment  solution  and  allowed  to  remain  for 
10  minates.   The  wash  8oluti<m  was  continuously  circulated  over  and 
throng  the  stalks      a  centrifugal  puiqp  with  a  bottom  inlet  and  a  top 
of  the  tank  outlet.    Solutions  were  discarded  and  the  equipment 
thoroughly  rinsed  after  each  tireatment.    After  10  minutes  washing,  the 
oelery  was  transferred  to  a  spriy-«asher  for  rinsing.    This  washer  con- 
sisted of  eight  side  and  four  top  "FuUjet"  nozzles  delirerlng  1.5  to 
2.0  gallons  of  water  per  nimte  at  a  pressure  of  J$  to  20  pounds 
(Fig.  It).    The  speed  of  the  wire-mBsh  convoyor  belt  covHd  not  be  reduced 
sufficiently  to  allow  for  thorough  rinsing  in  one  passage,  therefore, 
la  order  to  provide  most  efficient  usage  of  the  sprsy  and  to  simulate  a 
possible  coBBaercial  asseiAily,  the  celeiy  was  run  through  repeatedly  until 
thoroughly  rlnsod.    To  standardise  procedure,  the  celexy  was  spaced  on 
the  belt  in  so*  a  wiy  that  eo^lete  rinsing  was  accoB5>lished  in  -Uiree 
passages  through  the  washer.    The  celeiy  was  then  placed  in  wooden  racks 
and  allowed  to  drain  for  about  2  hours  before  the  residue  was  eoctracted. 
Ersn  tho\igh  some  difficulty  had  been  encountered  in  eijctraction  of  wet 
filter  papers,  a  preliminary  test  showed  no  appreciable  differBnoe  in 
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Fi|j,  k     "  Spr^-iwasher  used  in  the  laboratoxy  for 
rinsing  yegetables  after  detezigent 
washing. 


the  anount  of  residue  extracted  from  wet  and  dry  oelezy.    The  draining 
period,  therefore,  ms  a  matter  of  convenience  In  the  procedural  routine 
as  well  as  a  precaitionaiy  safeguard  and  a  way  to  remove  most  of  the  free 
moisture  from  the  oelexy  before  weighing  samples. 
Quality 

Six  stalks  of  each  of  the  sprayed  and  washed  treatments  were 
weighed  and  placed  together  in  a  wlrebound  crate  and  stored  at  1*0*F,  and 
90  to  100  per  cent  relative  humidity.    They  were  weighed  and  exmslned  at 
2-d«y  intervals  for  6  digrs  to  determine  the  effects  of  the  detergents  on 
the  celeiy  quality  as  measured  by  injury,  weight  loss,  flavor,  color, 
and  general  appearance. 

The  oelezy  in  all  washed  treatments  showed  soma  indications  of 
water-soaking  immediately  after  washing,  but  the  affected  areas  had  re- 
gained their  normal  appearance  at  toe  time  of  weighing  and  storage, 
Gelexy  washed  in  detergent  soluticms  had  a  vexy  good,  clean  appearance 
after  washing,  but  was  not  enough  different  from  the  water-wash  treat- 
ment to  be  distinguished  by  casual  observation.    Some  soil  particles 
remained  in  the  center  of  the  stalks  of  all  treatments.    The  detergents 
had  no  apparent  effect  on  color,  flavor,  or  general  appearance,  and  they 
produced  no  indications  of  injury  at  the  concentrations  used.  Differences 
in  weigjit  loss  did  occur,  and  per  cent  losses  are  shown  in  Table  5, 

^      An  analysis  of  variance  revealed  that  most  of  the  differences 
in  weight  loss  observed  could  be  attributed  to  the  use  of  Tergitol  NHL, 
although  by  the  sixth  d^  all  of  the  detergent  samples  had  lost  signifi- 
cantly more  wei^t  than  those  washed  only  in  water. 


Table        -The  effect  of  detex^nt  waahing  on  the  weight  loss  of 
celeiy  during  storage  at  UO**F.  -  -  Winter  19$2-^3. 


I        J                            Weight  loss  in  per  cent 

Dagr*  1 

storage  t 

Washing  treatment 

water 

1     Triton  t 
1     X-100  t 

Olate          1  Tergitol 
flakes        1  NPX 

Harvest  1  -  2  hours  after  spraying  * 

t 

2,67 

2.55 

2.78  3.98 

'  3.75 

U.3U- 

U.12  5.U7 

14.60 

Harvest  II  -  2  weeks 

5.23  6.I49 

after  spra^lnn 

2 

2.33 

2.1|6 

2.8U  2.60 

;  3.U9 

3.7i*  3.U6 

6  • 

lt.29 

U.10    '  ' 

i4.77  U.U7 

L.SJ).  for  treatoent  means  within  storage  days  of  Sarvttst  I  -  -0.05  -  0.51 

■  ^  -■  "* 

v^;^:'.-  .  .  .  -iV  :  0.01  s  0.71 

Detergent  »ean  differences  of  Harvest  II  are  non-slgnlfloant. 

*  Sadh  value  is  the  asan  of  six  replioationa. 
Each  value  is  the  mean  of  five  replioatiais. 

!        '  '  ■     '■  '  ■'   ■  ■  ■'■  »   ■  ■ '.  ■  .    ,  .  <   ■     .     j   ,  .,  ,i  t'.:  ,^t,^ 

The  remaining  celeiy  of  the  two  center  rows  of  each  block  was 
harvested  on  March  3»  and  eubsequent  treatiasnt  was  the  sms  as  above^ 
except  the  coicentrations  of  Triton  X-100  and  Tergitol  NPI  were  reduced 
to  0,1  per  cent  In  an  attempt  to  reduce  the  anouni  of  weight  loss  durli« 
storage* 


Results  of  quality  tests  were,  in  general,  the  saira  except  that 
OTaz«ll  weight  loss  was  slightly  less,  probably  due  to  the  maturity  of 
the  celexy  (Table  5}*   Weight  losses  of  both  harvests  are  shown  graphi- 
cally in  RLg.  5*    The  effects  of  reducing  the  concentrations  of  Triton 
Z«100  and  Tergitol  NFX  were  such  that,  conbined  with  other  factors  sudi 
as  celexy  maturtty,  there  were  no  significant  effects  of  deterg«its  on 
the  weight  loss  of  celery  of  the  second  harvest* 
Residues 

Twelve  stalks  of  each  treatment  were  divided  into  top,  or  leaf 
blade,  and  bottom,  or  petiole,  portions  (Fig.  6).    This  division  was 
essentially  to  separate  the  blade  of  the  leaf  from  the  petiole*  The 
separation  was  not  con^lete,  but  only  a  few  pieces  of  the  petiole  were 
In  blade  portiona  and  vice  versa.   Although  this  procedure  mi^  be  a 
possible  source  of  error,  it  is  the  standard  that  has  been  generally 
adopted  for  residue  wozk  on  this  crop*    Each  of  these  portioos  was  cut 
into  1«  OP  2-ineh  pieces,  IhorougliLly  nLxsd,  and  500  gram  leaf  blade 
sajqples  and  1000  gram  petiole  sajssples  taken  for  extraoticm*    The  sample 
portions  were  placed  in  L-galloi  wide-raouth  jars,  1000  ml.  of  bmaene 
added,  the  tops  ti^tly  fastened  (with  two  to  four  layers  of  M5AT 
cellophane  to  prevent  contamination  of  the  top  gasket),  and  the  surface 
residue  extracted  by  rotating  the  Jars  for  50  minutes  at  a  speed  of 
32  rpm.  (Fig.  7).    After  extraction,  the  water  leyer  was  allowed  to 
settle,  the  benaene  was  decanted,  and  UOO  ml.  aliquots  of  the  benzene 
•olutlon  placed  in  pint  Jars  and  stored  at  30^  to  UO^.  Toxaphene 
analyses  were  made  by  the  indicated  method.  \. 


The  0ffect  of  detergent  mshing  on  the  weight 
lose  of  eeleiy  during  storage  at  UO^. 

Subscript  numbers  refer  to  har'vests.  Letters 
refer  to  washing  solutions!    "C"  refers  to 
water,  »D"  to  Triton  X-100,  "B"  to  Olate  flakes, 
and  "F"  to  Tergltol  HPX, 


Fig.  6  -  -  Celeiy  divided  Into  leaf  blad«  ami  petiole  portioM 
prior  to  residue  extraotion* 


Tig,  7  -*  -  Tusbllng  Apparatus  for  Reslcbia  Extraotion 
(Kiotogra^>h  courtesy  of  G,  H.  Blackmon) 


The  results  given  in  Tables  6  and  7  slum  tto  parts  per  ndlHon 
(niUigraas  per  1000  graas  of  celeiy)  of  toxaphene.    No  tests  of  • 
statistical  significance  were  applied  to  these  data  because  of  the 
numerous  difficulties  encountered  during  the  analyses  and  indicated  in 
■ore  detail  in  Appendix  A.    Data  in  the  tables  marked  "corrected  data," 
have  been  corrected  because  of  the  occurrence  of  a  relatively  constant 
error  during  some  titraticms  of  the  samples  of  the  second  harvest*  This 
error  appeared  to  be  related  to  the  functioning  of  the  anperometrio 
titration  assembly  and  mc^r  have  been  caused  bgr  a  cracked  electrode*  It 
was  quite  apparent  when  the  disorepanpy  occurred,  and  the  correcticm  is 
believed  to  be  a  valid  one*  <  * 

Hm  uouat  of  residue  shown  for  the  cheek  treatment  was  great 
in  all  oases  and  was  quite  variable*    These  hi^  values  are  believed  to 
be  due  to  the  numerous  causes  of  error  such  as  contaminated  benzene,  a 
■alfunctioning  central  water  still,  and  unknovn  interfering  substances 
that  became  evident  as  the  work  progressed*    However,  by  applying  the 
average  check  value  to  the  corrected  data,  the  resulting  parts  per 
million  of  tojcaphane  were  not  appreciably  different  from  results  obtained 
by  other  workers  {$2)  ^'^^  tox<i^hene  residues  on  celeiy  from  the  same 
location*    No  conclusioius,  however,  can  be  confidently  based  on  1^es« 
res\ilts,  and  they  are  included  only  for  general  coB?)arison  with  results 
on  other  crops*  f     ^         .  ' 


Table  6*  •  -  Toxaphezie  residues  an  eelezy  leaf  blades  foUoHlz^ 
detergent  washing.  -  -  Winter  19$2-$3, 


Block 


Toxaphene  In  ag«  per  1000  grass  of  celezy  {jppn) 


Check 


None 


Washing  treatment 

t  I  Triton    t    Olate  sTergltoI 

t   Water    t  X-aOO     t    flakes  t  NiX 


Harvest  I  «'  2  hours  after  spraying 


31.51 

6J4Jt8 

Uli.58 

78.91 

Uli.80 

69.09 

2U.$8 

107.1a 

36.39 

U8.57 

5U.60 

50.26 

32.78 

116.82 

120.23 

58.6is 

81.70 

85.62 

52.68 

263.77 

106.19 

59.i»3 

73.85 

7U.29 

6 

66.37 

191.08 

132.88 

88.78 

71.23 

85.3U 

Treataant 

Ul.62 

1U8.71 

88.05 

66.87 

65.2U 

72.92 

Haivest  II  «-  2  weeks  after  spraying 


1 

30.20 

33.08 

ii5.U0 

U8.78 

32.18 

Ul.77 

t  ■< 

23.oa 

yi.6U 

39.96 

23.91 

35.57 

2U.25 

3^ 

itU.56 

U0.72 

72.UO 

I16.O8 

96.96 

k 

im  m  m 

67.9lt 

63.70 

50.16 

71.59 

i46.28 

59.28 

51.10 

56.20 

62.36 

27.32 

66.16 

Trsatasnt 

m$m         39.27      55.65      55.53      U6.30      li2.55  55.08 


Each  value  is  the  mean  of  di4>lioat«  datendnatlaw  of 
duplicate  samples. 


Corrected  data. 
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Table  ?•  -  -  Toxaphene  residues  on  celezy  petioles  following  detergent 
washing,  -  -  Winter  1952-53. 


,       Tox^;>hene  in  atg. 

per  1000  grans  of  celery  (ppm) 

a 

Block 

Washing  Treatront 

1              1  t 

i  Check     1    None  : 

«  TritOTi    t    Olate  i 
Water   t  X-100     t    flakes  t 

Tsrgitol 

m 

Harvest  I  «»  2  hours  after  spratyiqg 


1 

IU.36 

16.53 

19.95 

36.78 

22.39 

22.QU 

t  , 

16.18 

37.US 

21.26 

2U.23 

29.23 

39.85 

23.51 

30.91 

20.61 

19.08 

38.16 

19.08 

s 

lU.6ti 

k5.32 

21.1a 

25.35 

20.10 

21.19 

6 

18.59 

26.08 

30.05 

25.51 

23.52 

17.92 

Treatment 

mean         17*1|6       31.26       22.66        26.19       26.68  2U.02 


Harvest  II  -  2  weeks  after  spraying 


8.20 

21.66 

17.82 

22.28 

20.I16 

a5.2U 

1 

11.52 

16.13 

16.27 

I5.1t8 

12.65 

13.76 

18.U0 

31.62 

25.31 

25.92 

29.87 

28.66 

k 

27.82 

26.90 

23.9U 

25.U2 

21.20 

20.62 

5^ 

26.10 

21.32 

23.82 

33.18 

28.56 

21.60 

Treatment 

mean         I8.U0       23.53       21,U3       2h.U^>        22.55  19.98 


Each  value  is  the  mnan  of  dii^licate  determinations  of  dupllcat* 
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Qreen  Beans  -  -  Spring,  12$3* 

Contender  varletgr  of  green  beans  mm  planted  In  Oainesrllle  on 
Uaroh      19^3f  in  six  replicated  blocks,  each  25  feet  long  and  eight 
rovB  ifide.    Rows  nsre  spaced  3h  inches  apart,  and  the  rem  nost  distant 
from  power  spraying  in  the  direction  of  prevailing  Tdnds  was  designated 
as  a  check  row  and  receiTed  no  spray.    It  was  s  eparated  from  treated 
rows  by  gtiard  rows.    Noxmal  cultural  practices,  other  than  spr£^/lng,  were 
followed.    The  plants  became  vexy  iwavily  infected  with  root-rot  orw 
ganisms  such  as  lyUiium  sp.  and  Rhiaoctonla  sp*,  aid  stands  becasie  spotty, 
plant  vigor  poor,  and  yields  low.    Therefore,  to  obtain  adequate  harvests, 
adjacent  plots  weire  corabined  le<iving  only  three  replicates, 

Spr^QT  materials  were  applied  with  the  C(»|prsssed-alr  sprayer 
previously  described.    Toxaphene  was  used  at  a  rate  of  2,$  pounds  of 
active  material  per  100  gallois  per  acre,  and  was  made  from  sei  emulsion 
formulation  containing  8,0  pounds  technical  toxs^hene  per  gallon,  Pars^ 
thion  was  used  at  a  rate  of  0,5  pound  active  material  per  100  gallons 
per  acre,  and  was  made  fi*om  a  25  per  cent  emulsion  formulation,  Triton 
B->1956  was  used  at  a  concentration  of  h  ounces  per  100  gallcsis  as  a 
spreader-sticker.    All   blocks  were  uniformly-  sprayed  on  ^pril  28  as  a 
specific  control  measure.    The  first  replicate  only  was  sprayed  again 
on  May  5»    Twenty-four  hours  later  un  Usqt  6,  the  first  replicate  was 
harvested,  and  the  second  replicate  sprayed.    The  second  replicate  was 
harvested  the  following  dey,  and  the  third  sprayed.    The  third  replicate 
then  was  harvested  on  Uay  3,    This  procedure  was  followed  in  order  to 
facilitate  spraying,  and,  particularly,  so  that  washing  and  residue 
extraction  in  the  laboratoiy  could  be  ccn^ileted  the  same  dag-  that  the 
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beans  were  harvested.   A  iMfvy  rain  of  1*U  liKdies  fell  between  the 
spraying  and  harvesting  of  the  seoond  replioatlon.   Air  teqpentures  in 
the  field  during  the  tins  the  spray  was  on  the  plants  were  from  60^  to 
90°F,  and  averaged  7^7,  v-n; 

Approximately  h  pounds  of  beans  from  each  sprayed  row  were  odxed 
together  and  divided  into  five  lots  of  about  3*5  pounds  each*    The  mm 
quantity  of  beans  from  the  unspregred  check  row  constituted  the  sixth 
lot«    The  beans  of  each  lot  were  placed  in  a  rectangular  basket  of  one* 
fourth  inch  hardware  cloth  and  washed.   Washing  and  rinsing  procedures 
were  the  same  as  for  celaiy,  i.e.,  10  minutes  waahing  folloned  bgr  • 
thorough  rinsing  and  a  2«hour  draining  period*    The  washing  treatments 
wex«t    (A)  unsprayed  beans  washed  in  water,  (B)  sprayed  beans  not  washed^ 
(C)  sprayed  beans  washed  in  water,  (D)  sprayed  beans  washed  in  a  0*1 
per  cent  solution  of  Triton  X-100,  (£)  grayed  beans  washed  in  a  1*0 
per  cent  solution  of  Olate  flakes,  and  (0)  sprayed  beans  washed  in  •  ■ 
0*1  per  cent  solution  of  Bmulsifier  "If"*    AH  solutions  were  calciilated 
as  per  cent  by  wei^t,  and  taiq^eratures  were  kept  at  about  70^*  ' 
Assignment  of  treatosnts  and  order  of  washing  were  coopletelj  randoadBed* 
Qualilgr  ••*    .  \'  ^ ■  .     .  i  ■._   

A  $00  ge§m  eanple  f  roa  eadli  of  the  spre^ed  and  washed  treatments 
was  taken  from  the  washed  beans  and  stox<ed  in  wire-osidi  baskets  at  UO^F* 
and  90  to  100  per  cent  relative  humidity*    Samples  were  weighed  and 
examined  at  2-day  intervals  for  6  diQrs*    Quality  evaluation  was  based  on 
weight  loss,  color,  injury,  flavor,  odor,  and  general  appearance*  ^ 

The  beans  washed  in  Triton  X-100  and  Emulslfler  "H"  showed  in- 
dications of  c^paz>ent  injuzy  after  k  ds^a  storage*    This  injuxy  appeared 


as  saall^  slightly  svmkenf  disoolored  spots  on  the  beans.    The  beaag 
mshdl  in  vater  or  In  a  solutLcm  of  Olabe  flakes  were  only  slightly  dis- 
colored irith  no  isju27  apparent  after  6  days  storage*   Six  days  storaga 
resulted  in  tough  and  flaccid  beans  in  all  treatments,  and,  ooobined  urith 
the  Tezy  high  loss  of  weight,  indicated  generally  unsatisfactory  storage 
conditions*    There  ttere  no  apparent  effects  of  detazsents  on  flavor^ 
color,  or  odor*   Weight  losses  (Table  8)  mire  quite  graat  even  after  2 
days  storage*  •  ■  ,  . .  ,,.  , 

Table  8,  -  -  The  effect  of  detergent  washing  on  the  weight  loss  of 
green  beans  duzing  storage  at  UO^*  * 


,                             Weight  loss  in  per  cent 

Dajni  1 
stoxvga  t 

Washing  treatiBent 

Water 

t  Tnton 
}  Zp-100 

t  Olate 
}  flakes 

t  Eimulsifier 
t  "M" 

> 

7.28 

9.2$ 

6.66 

7.79 

k 

12.56 

16.18 

11.68 

114.12 

17.70 

22.21 

17.03 

19.52 

L.S*D*  for  detergent  means  within  storage  days  -  -  0.05  «  3.21 


0*01  s  U.86 

*  Ewdi  Talue  is  the  aean  of  three  replicati<ms* 

Analysis  of  variance  indicated  that  weight  losses  after  k  and  6 
diys  storage  due  to  the  use  of  the  synthetic  detergent,  Trit<m  X-100, 
were  significantly  greater,  at  the  0*05  level  of  probability^  than  the 


loeses  due  to  the  use  of  water  or  soap,   Grov^lng  of  maxm  shoved  that 
the  use  of  the  synthetic  deteiigents,  Triton  X-100  arrf  Enmlsifler  "M", 
resulted  in  irelght  losses  significantly  greater,  at  the  0,0^  level, 
after  6  di^s  storage  than  thoee  idiioh  occurred  in  water-«rashed  3aB^>l»s* 
These  losses  were  also  approaching  significance  at  this  level  after  U 
days  storage.    The  synthetics  also  resulted  in  significantly  greater 
losses  than  did  the  use  of  soap,  ■)  l-.-  <■./<■■  '  ■  >',<-!'i' v  i^"-.*' 

■■;  7..- 1^  .J**      ■•  ■  >        '  J.:  •.■         ■  .  • 

Residues         ■  ,  ^ :  • 

Tvo  snples  of  $00  grcBs  each  were  selected  from  each  of  th« 
treatments,  and  the  surface  residues  extracted  by  tumbling  for  30  ndjoutea 
in  1000  ml*  of  benzene  in  wido-4nouth  jars.    After  extraction  and  separa^ 
ti<m  of  the  water  l^yer,  two  UOO  lal.  aliquots  of  the  bensene  solutiOB 
were  placed  in  glass  jars  and  stored  at  3(fi  to  UO*F»  until  toxaphene 
rjMl  parathicm  analyses  could  be  made* 

Toxephene  residues  remaining  after  the  washing  treatments  art 
Bhoim  in  Table  9*    Values  for  check  samples  were  at  or  near  ssero  mlllio 
grams  of  toxaj[^ene  and  are  not  included  in  this  table|  however, 
appropriate  corrections  have  been  made* 

'  '  '    Washing  in  water  alone  removed  a  significant  amount  of  the  toxa- 
phene  that  remained  on  the  beans  2k  hours  after  its  application  in  the 
field*    Emulsifler  "M"  removed  a  significant  amount  more  residue  than 
water  washing.    The  amounts  of  residies  remaining  after  washing  with 
Triton  X-100  and  Olate  flakes  were  significantly  less,  at  the  0.01  level 
©f  probability,  th«a  those  found  after  washing  in  water.  Differences 
am<mg  blocks  were  hi^ily  significant,  and  were  probably  due  to  the  heavy 
rainfall  that  preceded  the  harvest  of  the  second  block. 


Table  9.  -  -  Toxaphene  reaidaes  on  green  beans  followine;  deteigont 
washing  -  -  Spring,  1953» 


Block 


ToKaphene  in  mg,  per  1000  grams  of  beans  (ppm)  * 


Nona 


IVater 


Washing  treatment 

I  Triton  t  Olate 
:    X-IQO        I  flakes 


t  Eimilsifier 


1 
2 


-.20.53 
21.72 


20.53 


12.32 
7*99 


10.3U 
7.29 


15,76 
8.92 


3           23.99  15.99 

9.78 

10.13 

13.1i5 

Treatoent 

Man      22.08  17.12 

10.03 

9.25 

12.71 

L.S.D.  for  treatoent  means  -  -  0.05  - 

3.1*9   .    ^  U 

0.01  . 

5.07 

*  Each  value  la  the  msan  of  duplicate  detemdnati<»8  of  two 

r;aiQples. 

Parathiwi  resldoea  are  ahoim  in  TaMe  10.   Check  samples  carried 
thirou^  the  analytical  procedure  developed  little  or  no  color,  and  irert 
used  to  set  the  spectrophotometer  at  100  per  cent  transndttence. 

Water  ifashing  alone  ramored  significant  aoounts  of  parathion 
from  the  beans  sprajyed  2U  hours  before  washing.    Detergents  removed 
highly  significant  anounts  of  residue,  «ad  the  differences  between 
amounts  removed  by  water  and  by  detezigents  as  a  group  approaches  signifl- 
oanoe  at  the  0.Q5  levsl  of  probability.    Hi^]y  significant  differences 
among  blocks  are  di»  aljRost  entirely  to  the  low  values  of  Block  2  which 
was  subjected  to  1.U  inches  of  rain  between  the  last  spray  application 
tod  harvesting. 


Table  10«  -  -  Parathion  residues  on  groen  boana  foUoiriiig  detergent 
imohing  -  -  Spring,  > 


t 

.  ■  .  -■   f  i'   r  1 

Parathion  in  rag, 

»  per  1000  grams  of  beans  (ppn) 

t 

Block  } 

Washing  treatment 

t 

t 

t 

None  t 

Water 

t    Triton  t 

Olate      t  Emulslfler 
flakes     1  "IT* 

1 

1.52 

1.10  =,  .  • 

0.98 

1.13 

2 

0,76 

0.58 

0.35 

5 

1.35 

1.12  r 

1.00 

i.iii 

Treatment 
mean 

1.38 

1.11 

0.93 

0.86 

0.87 

L*S*D,  for  treatiMBit  m 

ans  •  « 

0,05  -  0.27 

0.01  -  0.3? 

*  Ea(4i  value  is  Ihe  nean  of  duplicate  detoradnations  of  two 

r ample s. 


Green  Beans  -  -  Fall,  1953*  i  .  i  ,     •  , 

The  same  ezperiment  was  repeated  on  a  fall  crop  of  beans  of  the 
same  variety.    Essentially  the  same  cultviral  procedure  iras  foUoired 
except  that  the  beans  received  four  applications  of  spray,  the  fourth 
being  applied  12  hours  prior  to  harvest*    This  reduction  in  tine  between 
spraying  and  harvesting  was  made  in  order  to  obtain  greater  residues  of 
parathion*   Due  to  the  occurrence  of  soil^bome  diseases,  it  wmi  agaia 
necessazy  to  combine  adjacent  blocks  to  obtain  adequate  harvests.  Ta» 
only  appreciable  rainfall  during  the  season  was  0.19  inch  that  fell 
loBDsdiately  prior  to  the  time  the  final  spray  was  ^pliod  to  the  third 
block.    Sprey  irrigations  were  applied  when  necessazy  and  were  timed  so 
that  several  days  elapsed  between  any  spraying  and  irrigation.  Mean 
temperatures  were  sanewhat  lower  than  they  wejre  during  the  spring.  The 
minimums  were  from  38°  to  $B^F»  wilh  an  average  of  SU?,  and  the  ^^■^t'^ 
ranged  from  66°  to  88°  and  averaged  78°F,    The  mean  toiqjereture  was  61i°F. 
Only  one  block  was  harvested  each  dey,  and  harvesting  followed  an  appli* 
cation  of  spray  to  that  block  ty  12  hours. 

The  washing  treatoents  and  prooedures  were  the  same  as  before. 
However,  suitable  storage  facilities  were  not  available,  and  no  sauries 
were  held  for  quality  evaluation. 

,     Residue  extractions  and  analyses  were  the  same.    In  general, 
quantities  of  surface  residues  of  toxaphene  (Table  U)  were  greater  than 
on  the  spring  crop,  except  for  Block  3,  which  was  about  the  same.    It  is 
possible  that  a  heavy  covering  of  sand  i^itdi  resulted  fron  the  rain  the 
same  day  the  beans  of  this  block  received  their  last  fipplioation  of  spray 
prevented  adequate  coverage  hy  the  spray.   Water  did  not  reanore  signiH- 


Table  11«  *  -  Toxaphene  residues  on  green  beans  following  detergent 
washing  -  -  Fall,  19$3« 


*      ,  Tox£^hene  in  mg.  per  1000  grams  of  beans  (ppm) 

t 

Block    t  Washing  treatment 


t 

i  Triton 

t  Olate 

:  Emulsifier 

t 

None 

1  Water 

1  X-100 

t  flakes 

1 

56.27 

U5.79 

22.53 

16.28 

2U.0U 

8 

U2.36 

35.09 

18.54 

19.20 

21.U5 

21.58 

17.22 

7.9k 

8.25 

9.26 

Treatnient 

mm      UO.07          32.70  26,3k 

15.2U  18.25 

L.S.D.  for  treatment  Bieans  -  -  0.05  :  10.05 
.   i    .  .                     0.01  -  IU.62 

*  Each  value  is  the  Bean  of  dupUeate  detemdnations  of  tiro 

cant  amounts  of  residue.    The  amounts  of  residue  remaining  after  deteiv 
gent  washings  were  significantlsr  less,  at  the  0.01  level,  than  after 
water  washing.    EBsilsifier  "U"  was  an  exception,  bat  differences  approached 
significance  at  this  level.    Block  mean  differences  were  highly  signif- 
icant, and  probably  account  for  the  failure  of  mean  differences  between 
UDirashed  and  watexw«rashed  saisples  being  significant. 

Highly  significant  amounts  of  parathion  (Table  12}  were  removed 
by  washing  beans  in  water.    The  greater  amounts  of  parathion  residue  re- 
moved by  detergents  as  compared  with  water  were  not  significant  at  th« 
oustomaxy  levels  of  probability,  but  they  did  approach  significance  at 
the  0.10  level.    Differences  between  block  means  were  hi^ily  significant 


Table  12.  -  -  Parathion  residixea  on  green  beans  following  detezg«it 
washing  -  -  Fall,  1953. 


Parathion  in  mg,  per  1000  grams  of  beans  (ppm)  * 


Washing  treatment 


t 

None 

t  Water 

t 
t 

Triton  t 
X-100  t 

Olate 
flakes 

t  Etaulsifier 
»  "M" 

1 

5.17 

2.9l> 

2.62 

2Ji2 

2.57 

2 

2.25 

1.^7 

b.ii7  ; 

1.10 

3 

2.70 

1.12 

•        '  ♦  ■  ■ 

0.78  ' 

0.75 

0.83 

Treatment 
mean 

3.37 

1.8U 

1.1*2 

1.U2 

1.50 

L.S.D.  for  treatment  means  -  - 

0.10 

r  0,h9 

0.05 

r  0.61 

0.01 

-  0.89 

•  Each  value  is  the  mean  of  duplicate  determinations  of  two 

■•spies. 


dm  to  the  greater  values  of  Block  1.   The  cause  for  this  is  not  known, 
but  may  be  associated  ia  soaa  way  nith  size  of  plants  and  foliage  density. 


Tomatoes  -  -  Springy 

Homestead  vailetgr  tomatoes  nere  transplanted  frcan  a  oold-fraoe 
to  the  field  in  Gainesville  on  March  23,  1?53#    The  field  plot  was  laid 
out  in  six  replicated  blocks,  each  35  feet  long.    Plants  were  spaced  ' 
30  inches  s^art  in  eight  rows  68  Inches  apart.    The  rm  most  distant 
from  power  sprE^ng  in  the  direction  of  prevailing  winds  was  used  as  a 
ohsok  rem  and  rsoelved  no  inseotloide  spregrat    The  check  row  was  pro- 
tected on  eiUier  side      a  guaxti  row,  and  a  guard  row  separated  the 
entire  plot  frcns  other  experiments.    Vigor  and  general  conditicm  of  the 
plants  were  good,  although  early  fruit  set  was  light,  probably  due  to 
relatively  cold  weather  at  the  time  of  the  first  bloom.  Fungicidal 
sprays  of  wettable  zineb  were  applied  on  April  6,  13,  20,  and  27,  and 
MiQr  18 •   Vettable  Spergon  was  applied  on  May  U  and  May  11  in  an  attan;)t 
to  control  the  heavy  infestation  of  leaf  mold,  Cladisporium  fulvum  Cke,, 
ttiAt  had  appeared.    These  fungicidal  sprees  were  applied  with  a  tractozw 
mounted  pcnrer  sprayer.  ' 

Toxaphene  emulsion  at  a  concentration  of  2.3^  pounds  of  active 
material  per  100  gallons  and  parathion  •aulsion  at  a  concentration  of 
0.5  pound  of  active  material  per  100  gallons  were  applied  at  a  rate  of 
100  gallons  per  acre.    Triton  B-19^  at  a  concentration  of  k  oumes  per 
100  gallons  was  iised  as  a  spreadt)r>s  oicker.    Insecticides  were  applied 
witii  a  3-gfJ.lon,  cosiqjressed-air,  hand  sprayer.    Insecticide  sprayii^  be- 
gan on  ^pril  28,  with  one  block  per  day  being  sprayed  until  the  sixth 
block  was  sprayed  on  Uay  U*    This  sequence  was  repeated  again  beginning 
on  Mjtsr  12,  19,  and  26.    The  first  block  was  harvested  on  May  27,  2h  hours 
after  it  had  received  a  fourth  {^plication  of  insecticides^  and  the 


U8 


sequence  continued  for  the  remaining  blocks.    This  procedure  was  folloired 
In  order  that  washing  treatmsnts  and  residue  extraction  could  be  ao3»- 
pleted  the  sanie  day  the  fruits  were  harvested.    Block  3  received  1  inch 
of  overtiead  irrigation  between  the  last  application  of  spr^  and  piuking. 
Bo  other  pirecipitation  that  might  affect  results  occurred.    Air  tenp- 
eratures  during  the  time    apray  was  on  the  plants  were  from  58°  to  100^ F., 
and  from  the  t  irae  of  the  last  spraying  to  harvesting  were  from  62°  to 
S6*,  wreraging  81°F, 

After  the  flr^t  harvest  was  conpleted,  a  second  spray  series  was 
begun  in  nrhich  toxaphene  was  to  be  applied  3         before  harvest,  and 
parathion  2  days  prior  to  picking.    General  rains  began  just  at  this 
time  and  interfered  with  the  timing  of  the  spr^s.    Two  blocks  (k  and  $) 
were  not  harvested  at  all  because  of  1,97  inches  of  rain,  and  the  timii^ 
of  the  toxaphene  sprays  of  the  remaining  blocks  was  ruined  because  of 
other  precipitation.    Block  3  received  0,16  indi  of  rain  2i|  hours  after 
receiving  an  application  of  parathion,  and  0.0$  inch  fell  on  Block  6, 
8  hours  after  it  had  been  sprayed  with  parathion.   Air  temperatures  from 
the  time  of  the  last  spraying  until  harvesting  of  this  second  series 
were  from  68°  to  88°  and  averaged  76°F. 

Tomatoes  were  harvested  mature-green,  and  the  fruits  from  each 
row  were  kept  separate  am  diey  were  picked.   At  the  ls4>oratoiy,  the 
saiBB  nuriber  of  ftruit  was  randomly  selected  from  each  row  harvest, 
thoroughly  mixed,  and  divided  into  five  lots.    The  sane  number  of  fruit 
was  selected  from  the  check-row  harvest  to  constitute  the  sixth  lot. 
The  number  of  f jruit  selected  from  each  row  remained  the  same  for  all 
blocks  of  any  harvest. 


Tb»  toaatoes  were  placed  In  wlre-aesh  baskets  and  washed  f  oXlcw^ 
Ing  the  same  procedure  described  above  for  beans  and  celexy*  Washing 
treatments,  assigned  to  lots  at  random,  and  made  in  a  random  order,  werei 
(A)  unsprayed  tomatoes  washed  in  water,  (B)  spraTsd  toaatoes  not  washed, 
(C)  sprayed  tomatoes  washed  in  water,  (D)  sprayed  tomatoes  washed  in  a 
0.1  per  cent  solution  of  Triton  I-IQO^  (S)  •prflsred  tomatoes  washed  in  a 
1*0  per  cent  solution  of  Olate  flakes,  and  (o)  sprsQred  tomatoes  washed 
in  a  0.1  per  cent  solution  of  Bmulsifler  "M"*   All  solutions  were  calcu- 
lated as  per  cent  bgr  weight,  and  tejqperatures  wez«  kept  at  about  72^F« 
A  10'  inlnute  washing  peilod  was  followed  by  a  thorough  rinsing,  and  2 
hours  of  draining  i»:>eceded  extraction  of  the  surface  residues* 
Qualily  ■     -'^  . 

Ten  tomatoes  of  each  of  the  sprayed  and  washed  treatments  were 
weighed,  placed  in  paper  bags  and  stored  for  6  days  at  70**?.    Tbesr  were 
weighed  and  examined  at  2-^y  InterTsls  for  possible  effects  of  the  detex^ 
gents  on  their  quail l^r*    Other  than  weight  losses  (Table  13),  there  were 
no  apparent  effects  of  detergents  on  color,  odor,  flarorn  general 
^)pearance,  or  ooenrrenee  of  injuzy*   Sons  soil- rot  lesions  dereloped, 
but  were  apparently  vmaffected  by  washing  treatments,    Toaatoes  of  Block 
6  of  the  second  hairvest  that  had  been  washed  in  water  and  those  that  had 
been  washed  in  Triton  X-ICX)  were  Yery  badly  decayed  after  h  days  storage, 
and  this  probably  accounts  for  the  excessive  weight  losses  observed* 
After  the  general  rains  began,  tomatoes  of  the  second  harvest  developed 
very  small  cracks  concentrically  arranged  around  the  stem  and*  These 
cracks  had  darkened  considerably  by  the  tins  the  flruit  were  picked,  andl 
My  have  had  an  effect  on  the  weight  losses.    The  effects  of  detergents 


Table  13.  »  -  The  effect  of  detergent  washing  on  the  weight  loss 
of  iBatiire-green  tooatoes  during  storage  at  1<Pf»-  - 

Spring,  19^3 


1                            Weight  loss  In  per  cent 

Washing  treatntent 

storage  " 

IVater 

t       Triton  t 

Olate 

t  EmuJLslfler 

1       Z-100  t 

flakes 

t  "M" 

•     4  ■ 

Hanrest  I  ^ 

...   '  '».-. 

.  1.28 

1.SL 

1.16 

2.10 

2.20 

2.17  = 

3.18 

2.86 

3.27 

Hanrest  n  ^ 

1*U3 

1^ 

1.2i( 

1,26 

2.62 

2.20 

0  2.23 

3*9l» 

5.U2 

3.27 

3.28 

Treatment  differences  are  notvHBlgnlUcant 


*  Each  value  Is  the  mean  of  six  replications. 
^  Each  value  is  the  asan  of  four  replications. 

°  Not  analysed  for  statistical  significance  because  of  the  high 
incidence  of  decsyed  fruit  after  U  dajs  storage* 


OD  weight  losses  were  not  significant.  Block  2,  which  was  harvested 
iriien  the  goieral  condition  of  the  field  was  dzy,  showed  less  overall 
wel^t  loss  than  other  blocks. 


Residues    ^  ■ ; ."  '  ^'   r ;  ■  •■^rj  ,  ■ 

Tiro  sasq;>le8  of  10  frcdt  each  were  selected  from  each  treatnent^ 
and  the  surface  residue  extracted  ly  tumbling  for  30  minutes  in  1000  ml* 
of  bensene  in  glass  jars,   Aliquots  of  iiOO  blU  of  axtraotant  were  stored 

in  glass  jars  at  30^  to  UO^F.  fbr  subsequent  analjrses  of  toxcphena  and 

parathi<ai»  ■'■'V"  '  ....„^.,y  ...  ..,......•.,„...,. 

The  amounts  of  tOK«phene  residue  remdning  are  shoim  in  Table  Hi. 
Check  sanples  liad  little  or  no  residue  and  are  not  sham  in  the  table; 
huwevery  appropriate  correotions  were  made  nherover  indicated* 


Table  lU«  •  •»  Toocaphofte  residues  on  mature-green  tooatoes  foUowLiv 
detergent  washing  -  -  Spring,  1^3».  :  ^ 


Blook 


Toocaphene  in  ag.  per  1000  grams  of  tanatoes  (pia)  * 


Washing  treatment 

I    Tilton     t     Olate     t  amilsifleF 


Hone  t 

Water 

t  x-^oo 

t     flakes  t 

1 

3.90 

k.$o 

3.87 

3.95 

2.23 

2 

U.37  - 

3.5U 

3.18 

2.99 

3  / 

3,$6 

3.55 

3.60 

3.53^ 

U.71 

U.13 

U.36 

3.80 

5 

U.28 

3.53 

3.IL 

h.6k 

U.7? 

U.36 

3.85 

3.61 

3.U6 

Treatment  mean  differences  are  non-significaab 


saq»lsa« 


*  Bach  ralue  is  the  mean  of  duplicate  determinations  of  two 
Values  (Stained  Igr  fii}plleation  of  mlsalxv  plot  formulae* 


A  slight  i*eductlan  in  the  aroovmt  of  residae  f ouxkl  after  detergent  vaahi* 

Ing  was  noted.   Differences,  hoiraver,  iwre  not  significant, 

,  ■    Althou^  detergent  effects  on  parathion  residues  (Table  1$)  were 

not  significant*  the  block  oean  differences  of  Harreat  n  irere  significant 

at  tha  0,01  level  of  probability.    This  was  due  primarily  to  "Uie  loir 

amount  of  residue  found  on  fniit  of  Block  3,  irtiich  had  received  0,16 

inch  of  rain  2k  hours  after  the  parathion  was  applied. 

Table  l5,  -  -  Parathicai  residues  on  mature-greoa  tomatoes  foUoaing     ,  ,  • 
detergent  washing  -  -  Spring,  1^3, 

Parathion  in  og,  per  1000  grams  of  tomatoes  {ppm)  * 


Block    t  Washing  treatment 


t 

1 

t    Triton  t 

Olate 

1  Kraulsifier 

1 

None 

t  Water 

I    X-100  t 

flakes 

t  "M" 

Harvest  I 

1 

0,26 

0.15 

V   0.26  ; 

0.27 

0.37 

2  ■ 

0.19 

0.32 

'■■  0.26 

0.21 

0.22 

}.  0,29 

0.28 

..  0-26 

0.3U 

0.28 

k 

0,39 

0.32 

0.17 

0.27 

oa5  ■; 

5 

0.39 

0.21 

0.32 

0.29 

0.31 

6 

'  0,U8 

0.2$ 

0.28 

0.3li 

0.31 

Traatosnt 
Bsaa 

0,33 

0.26 

0.26 

0.29 

0.28 

Harvest  II 

1 

0.28 

0.30 

0.2U 

0.1? 

0,10  ^ 

2 

0,29 

0.26 

0.30 

0,28 

0,26  " 

3 

0.1U 

0.12 

0.25 

O.IU 

0,13 

6 

0,40 

0.30 

0.28 

0.37 

0.3U  • 

TreatmBnE~~ 

mean 

0.28 

0.2$ 

0.2U 

0.2$ 

0.21 

Treatment  mean  differences  are  non-significant 


*  Each  value  is  the  mean  of  duplicate  detarnlnaUona  of  two  samples. 
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Mustard  Greens-  -  Fall,  1?$3« 

Southern  GKLant  Curled  varietiy  of  mustard  greens  was  planted  in 
Gainesville  on  September  29,  1953»  in  ei^t  rows.    These  rows  were  t#;, 
be  thinned  later  to  form  six  replicat«d  blooks,  each  30  feet  long*  How- 
ever, an  early  infestation  of  cabbage  wibiionnB,  Ifellula  undalis  Fabrioius, 
destroyed  such  an  area  of  the  field  that  only  three  blocks  could  be 
f oriBed«    One  roir  was  separated  from  the  others  by  guard  rows,  received 
no  sprEQT,  and  was  designated  as  a  check  row.    Normal  cultural  practices 
were  followed,  axid  except  for  the  early  attack  by  webworms,  vigor  of  th« 
plants  was  exoell«ntj  the  yields  good.    There  was  s  ooe  insect  damage  to 
the  check,  but  it  was  of  a  minor  nature.    One-half  indi  of  overhead  ir- 
rigatim  was  supplied  on  November  3*  9»  end  20,    Rainfall  of  2.2  inches 
was  distributed  over  7  days  during  the  month  of  November,  generally 
Svivertl  days  after  any  application  of  e^rays,    Mininmrn  air  tenperatures 
during  the  time  sprsy  was  on  the  plants  ware  ivom.  3U^  to  66°  and  avez^ 
aged  52^,;  waylnnin  w»re  fr<»  50°  to  86**  and  averaged  72®F,   The  mean 
tenperature  was  60**F«  i  . 

ToKE^hene  emulsion  at  a  rate  of  2,5  pounds  active  material  per 
100  gallons  per  acre  and  parathion  at  a  rate  of  0,5  pound  of  active 
raatezlal  per  100  gallons  per  acre  were  applied  at  weekly  intervals  be- 
ginnii^  October  26.    Triton  B-1956  £-u  a  corwentration  of  U  ounces  per 
100  gallons  was  used  as  a  spreader-sticker.    Ihe  last  application  before 
harvesting  was  split  so  that  toxaphene  could  be  applied  2  days  before 
harvesting  and  parathion  12  hours  prior  to  harvesting*    This  procedure 
was  followed  in  order  to  reduce  the  amount  of  toxaphene  residue  and  yet 
Mintain  a  high  parathion  residue.   The  last  application  of  toxaphene 


was  applied  to  Block  1  on  November  2^^  and  the  last  parathion  application 
was  on  Norember  26.    ^Rils  block  was  then  hanrested  12  hours  later.  The 
sane  procedure  was  followed  in  spraying  and  haarrosting  the  other  blocks 
with  only  one  block  being  hanrested  on  any  one  dcQr* 

As  the  austard  ras  cut,  the  greens  from  each  row  were  kept 
separated,  and  at  the  laboratory  -Uie  sam  quantity,  by  weight,  from 
each  row  hanrest  was  thoroughly  nixed  and  divided  into  five  lots  of  6 
pounds  each*    The  same  amount  from  the  dieck  row  constituted  the  sixth 
lot.    The  six  lots  were  designated  and  treated  as  follows i  (A)  unspraysd 
greens  washed  in  water,  (B)  sprayed  greens  not  washed,  (C)  sprayed  greens 
washed  in  water,  (D)  sprayed  greens  washed  in  a  0,1  per  cent  solution 
of  Triton  X-100,  (E)  sprayed  greens  washed  in  a  1.0  per  cent  solution 
of  Olate  flakes,  and  (0)  sprayed  greens  washed  in  a  0.1  per  cent  solu- 
tion of  Emulsifier  "If".   All  solutions  were  calculated  as  per  cent  by 
weighty  and  temperatures  were  kept  at  72^F«    Designation  of  lots  aad 
treatment  order  was  couple  tely  random* 

The  wash  tank  and  spray«4vasher  used  for  other  crt^s  were  not 
suitable  for  washing  the  mustard  because  of  its  bulk*  Therefore, 
stationaxy  laundiy  tubs  were  used.    The  greens  were  soaked  for  10  minutes 
in  the  washing  solution,  the  greens  being  forced  to  the  bottom  of  the 
tank  evexy  2  minutes*    After  10  mimtes  in  the  washing  solution,  the 
greens  were  rinsed  ly  immersing  them  in  three  10-gallon  portions  of 
water.    They  were  then  placed  in  wire  baskets  and  allowed  to  drain  for 
2  hours. 

Suitable  storage  facilities  were  not  available  for  holding  tests, 
but  general  observations  did  not  indicate  any  adverse  effects  of  the 
detergents  on  the  quality  of  the  ;nustard*    AH  of  the  washed  sanples  were 


Fig,  8  -  -  Commercial  Washing  of  Leafy  Greens  • 


«oll  cleaned,  and  there  '■ere  soaoe  IndioatLonB  of  slight  waternBoakli^  la 
•U  treatmaitSf  bat  this  feature  had  largely  disappeared  \if  the  tins 
residues  irere  extracted.    The  oustard  that  had  be^  washed  In  the  syzt- 
.  thatlo  deteiigent  solutions  ms  rery  crisp  and  turgj.d  and  could  readily 
be  distinguished  froa  the  other  treatments,  •  •  i.v  /  ,  .  ,  >  -t  ■    ,  ; 

RsaidttM     '  ^-^  ; 

TlM  aistard  greens,  after  draining,  trere  cheeped  Into  9-  to 
3-inch  pieces,  and  chiplicate  lOOO-grta  Mqples  taken  for  extraction  of 
the  8ux>faoe  residues.    These  -were  extracted  bgr  rotating  fas*  30  olnutes 
at  32  rpBU  in  1000  ol.  of  bensene  in  -Ride-mouth  gallon  jars*  AUquots 

of  the  benaene  solutions  were  placed  in  glass  Jars  for  storage  until 

«i<.  • 

appropriate  analyses  were  made* 

Even  though  toxaphene  residues  (Table  16)  were  extreosly  hig^ 
on  unwashed  oustard,  the  water  treatment  alcme  removed  highly  signifieant 
quantities*   All  the  detergents  removed  fuz>ther  hl^ly  slgnifloant 
amounts  and  Triton  X-lOO  and  Olate  flakes  were  oignlfioantly  more 
effective  than  EBolsifler  "M"  at  the  0.01  level  of  probability*  ,. 

Parathlon  resid\ies  (Table  17)  were  also  quite  hl^*   The  water 
treatment,  however,  removed  hi^ly  significant  amounts,  and  all  dete]>- 
gants  removed  highly  slgnifloant  quantities  more  than  the  water  traa^aant 
alone*    Differences  among  detergents  were  not  sigidfioant* 


Tiiblt  I6m  -  »  Toxaphane  rasidoas  on  nnstard  gvm»  foUonlng 
detei^ent  washing  -  -  Fall,  1953» 


Toxaphwie  in  sig.  per  1000  grams  of  nustazd  (ppa) 


BJxKsk     t  Washing  treatment 


t 
t 

1 

None  t 

t 

Water  t 

Triton 
X-100 

I  OXate 
1  flakes 

t  Emulaifier 

X  , 

193,80 

109.82 

19.38 

28.U2 

58.111 

.1  .  . 

206.72 

'*, 

88.17 

19.38 

U9.10 

3  ... 

300.3?  . 

,  102.07 

32.30 

19.38 

52.16 

Treatment 

233.61* 

100.02 

23.69 

20.77 

53.13 

L.S,D.  for  treatment  means  -  -  0.05 

r  15,62 

0.01 

s  22.71 

Each  TSltie  is  the  mean  of  duplicate  deteminatifflis  of  tiro 

880^)108. 


Table  17»  *  -  Parathion  resixluM  on  nustard  groana  foUoidng 
detergent  wartilng  -  -  Fall,  1953* 


Parathion  in        per  1000  grams  of  austard  (ppa) 


Washing  t]?eatnient 


i' 
f 

VflM 

1 

t  Water 

1  Triton 
t  X-100 

t  OXate 
t  flakes 

t  SBulalfler 

I 

26  .UO 

10.08 

U.70 

3.20 

5.U0 

t 

23.50 

8.70 

3.81 

3.15 

5.07  , 

3 

28.00 

8.20 

U.63 

3.80 

Treatment 

25.96 

8.99 

U.38 

3.38 

L»S«S*  for  treatoeat  aeans  0,0^ 

S  2.10 

* 

0.01 

r  3.05 

Eadb.  Talus  is  the  neaa  of  duplioate  deterolnatioais  of  tiro 

suples. 


DISCUSSION 

Th«  use  of  filter  papera  as  a  surface  to  hold  insectioldos  for 
laboratoiy  treatments  for  the  pux'pose  of  screening  large  numbers  of 
trashing  materials  appeared  to  be  feasible.    This  laboratory  method  shoxild 
not  be  used  for  other  than  sorsenlng  tests  for  the  ellmlnatlan  of 
materials  Ineffective  under  these  conditions  unless  subsequent  modlfl^ 
cations  are  mads.    The  method  did  not  give  any  Information  that  irould 
indicate  the  absolute  amount  of  residue  that  irould  be  removed  from 
any  vegetable,  nor  vaa  such  information  es^eoted*    It  did  shotr  that 
certain  detergents  were  more  effective.  In  themselves,  than  others  under 
similar  oondltlansi  moreover,  these  relatioiuihips  irere  fairly  well 
corroborated  by  tests  wl'Ui  treated  vegetables*    The  absolute  amount  of 
•ny  Insecticide  held  by  filter  pi^er  In  such  a  wagr  as  to  be  difficult 
to  remove  would  certainly  be  different  from  the  amount  securely  held  by 
tomatoes,  beans,  or  any  other  fruit  or  vegetable  with  a  different  ad- 
flortdng  surface. 

The  number  of  detergents  used  on  vegetables  and  t  he  nuniber  of 
replications  vere  not  adequ&te  to  permit  the  use  of  statistical  tests 
to  correlate  the  results  of  paper  washing  with  x«sults  of  vegetable  tests* 
However,  general  observations  would  indicate  t^t,  with  the  exception  of 
toaatoes,  the  amount  of  residues  removed,  expressed  as  a  percentage 
of  the  original  concentration,  differed  soaoeiriiat  between  vegetables  and 
between  vegetables  and  peters,  but  differences  between  detergents  re- 
mained essentially  the  same.    The  order  of  effectiveness  of  Triton  X->100 
and  Olate  flakes  was  ^parently  ireversed  irtien  applied  to  vegetables, 
but  this  may  have  been  due  to  canoentration  differences,  equipaent  used. 
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plant  effects,  or  sampling  variation.    Differences  between  the  two 
aaterlals  were  non->8ignif leant  In  every  case.    The  calciilated  percent- 
ages of  residues  removed  are  given  in  Tables  18  and  19,  and  shown  in 
Figs.  9  and  10. 

Detergent  washes  irere  effective  in  rraoving  surface  residues  of 
toaeaphene  from  fresh  vegetables.    They  irare  able  to  remove  slgniflcantlj 
more  toaeaphene  than  water  used  alone  except  from  tomatoes.  Initial 
residues  on  tomatoes  however  were  less  than  5  PP^»    In  no  ease  did 
detergent  treatments  reduce  the  amount  of  toxsqphene  to  less  than  5  ppn 
when  the  initial  amount  was  above  that  level.    However,  some  tz^atments 
did  approach  that  final  amount  of  residue,  which  is  an  unofficial 
estimate  of  the  maximum  allawable  tolerance  for  toxaphene  iriiich  may  be 
established  scnnetiine  in  the  future  by  the  Food  and  Drug  Administration. 
It  is  qiiite  like^  that  these  materials  under  different  conditions,  such 
as  longer  washing  time,  brushing,  higher  washing  ten^eratures,  or  a 
greater  volume  of  water,  would  reduce  residues  to  less  than  that  aaount* 
In  any  case,  however,  the  general  level  of  residues  remaining  on  the 
crops  to  be  ultimately  consumed  was  substantially  reduced. 

Detergents  were  significantly  more  effective  than  water  imshing 
for  removing  surface  residues  of  parathion  only  in  the  case  of  mustard 
greens.    However,  the  differences  on  beans  approached  significance  at 
the  0.0^  level,  and  with  increased  replications  may  have  surpassed  the 
Customary  levels  of  probability.    Surface  residues  of  parathion  on 
tomatoes  were  less  than  0«5  ppm,  and  were  no  greater  1  day  after  spray 
plication  than  they  were  irtien  the  spray  was  applied  2  days  before 
harvesting.    In  as  much  as  Qunther  et  al  (18)  have  reported  the  absorption 
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The  effect  of  deteiTgent  iirashlng  on  the 
removal  of  surface  residues  of  toxaphens 
from  treated  materials* 


TREATED  MATERIAL 


Fig.  10  - 


The  effect  of  detergent  washing  on  the 

reooval  of  surface  rosidues  of  parathion 
from  treated  materials* 


TREATED  MATERIAL 


of  pazEthloQ  isgr  dLtnis  £w±ta  due  to  its  saLubUltgr      plant  oils  vad 
waxes,  the  posslldlitgr  of  sab-surftee  residues  ooeurrlng  on  soeli  erops 
as  tomatoes  and  beans  should  be  farther  inrestigated*   However,  most  of  . 
the  variation  in  results  on  tomatoes  here  is  believed  to  be  due  to 
sampling  variation  caused  bgr  the  natxire  of  the  fruit,  plant  vazlations, 
and  handling  te<^iniquss,  ' 

Althou^  vazying  amounts  of  initial  z«sidues  vers  liadted  in 
these  experiments,  results  seem  to  indicate,  as  mi^t  be  expected,  that 
the  greater  the  residue  per  unit  of  surface,  the  greater  the  per  cent 
removal*    For  example,  the  results  idLth  parathion  residues  o»  green 
beans  s    trater  was  able  to  remove  only  20  per  cent  of  an  initial  quantity 
of  1*38  ppa,  but  was  able  to  remove  kS  per  cent  of  an  original  amount  of 
3*37  ppB«    If  this  was  a  true  difference  and  not  sampling  vazlation,  it 
vould  indicate  a  need  for  the  development  of  spray  equipment  that  oould 
taaifoi)aIy  deposit  an  effective  but  not  excessive  covering  of  spray 
mateirials  on  the  plant  surfaces.    This  would  not  cmly  result  in  a  Vm 
duction  of  possible  residue  hazards,  but  would  seen  to  offer  a  means  of 
reducing  insecticide  costs* 

It  should  be  emphasised  that  the  spray  programs  followed  in  this 
work  were  in  no  wfQr  considered  as  econ<mLcalLy  or  pz^ticaUy  desirable, 
but  served  only  to  provide  'f*^—""  quantities  of  residues.  Nevertheless, 
results  indicated  that  the  possibLlily  exists,  paxi^icularly  for  the 
producers  of  crops  £or  prooessii^  for  the  ^plioatlcm  of  insecticides 

to  a  few  days  prior  to  harvest  with  the  assurance  that  residues  could 
be  markedly  reduced.    Much  additional  work  is  necessary,  however,  for 
this  possibility  to  becosae  a  reality* 


Weight  losses  of  vegetables  during  storage  after  treatoBnt  with 
mm'tiietio  detex^ents  vers  generally  greater  tJian  for  vegetables  treated 
Kith  soap  or  water.    Although  no  examinations  were  made^  this  was  posslblj' 
due  to  the  effect  of  the  detez^ents  on  the  surfaoe  oils  and  waxes  of  the 
vegetables  and  a  resulting  Increase  in  transpiration*   Green  beans  were 
injTxred  tif  vezy  loir  concentrations  of  detergents,  and  other  orc^s  may  be 
damaged  by  higher  concentrations.   Since  the  tootiolly  of  mangr  detergents 
has  not  been  established,  the  Indiscriminate  use  of  detergents  for  the 
washing  of  fresh  vegetables  is  not  suggested*  ;    ,  '  ?A  ^'  ■ 


Laboratory  eqiiipment  and  methods  were  devised  for  screening  a 
large  nuober  of  vaahing  materials  to  determine  their  effectiveness  in 
removing  residues  of  toxaphene  and  parathion  from  treated  surfaces.  Ths 
procedure  used  consisted  of  subjecting  treated  filter  papers  to  a  staiv- 
daxti  irashii%  and  rinsing,  and  measuring  the  amount  of  residues  on  the 
papers  before  and  after  treatment. 

Qyf  £lftoen  specific  coi^>ounds  or  oatorlius  representative  of  a 
tgrpe  of  ocapound  tested  Ijy  -these  nethods,  mly  four  mm  considered  tfaf 
fective  enough  to  be  used  in  tests  on  vegetable  crops  treated  nith  the 
same  insecticides. 

Water  washing  alone  in  small-soale  equipment  in  the  laboratory 
removed  more  than  50  per  cent  of  a  toxaphene  residue  of  7$  to  100  ppm 
from  oelezy.   Detergents  were  able  to  remove  appimimately  70  per  cent 
of  the  toxaphene  residue.    One  per  cent  solutiais  of  the  synthetic 
detergents  used  insulted  in  excessive  losses  of  weight  wh«3  the  celexy 
was  held  in  cold  storage  after  washing  treatments* 

Toxaphene  residues  of  20  to  hO  ppm  on  green  beans  were  reduced 
20  per  cent  by  water  washing  and  UO  to  60  per  cent  by  detergent  washes* 
Residues  of  1  to  2  ppm  of  parathion  were  reduced  20  per  cent  water 
and  30  to  3$  per  cent  by  detergents,  and  parathion  residues  of  3  to  $ 
ppm  were  reduced  U$  per  cent  tagr  water,  while  $$  to  60  per  cent  reductions 
resulted  trom  the  use  of  detergents.  Weight  losses  during  subsequent 
oold  storage  were  great,  but  differences  due  to  washing  materials  used 
were  not  significant.  /     >^  ^ 
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TOMRtoes  bearing  a  tazsphene  residue  of  h  ppm  were  not  signlfl*- 
oantly  affected  bjr  detergent  treatments.    There  was  anXjr  a  slight  re- 
duction in  the  amount  of  residues  by  any  treatment*    Barathlon  residues 
on  tomatoes  1  6ay  after  spraying  ire  re  less  thaa  0*5  ppB«  and  vere  not 
signifLoantly  reduced  ly  msishing  treatatents* 

Toxaj^ene  residues  on  mustard  greens  2  d^s  after  spreylng  were 
in  sicoess  of  200  pput,  bat  washing  in  water  removed  57  per  cent  of  that 
residue,  and  washing  in  detexis^nts  removed  70  to  90  per  cent  of  the 
residue.    Parathion  residues  12  hours  after  spraying  were  25  PPOf  but 
irere  reduced  65  per  cent  by  water  and  80  to  85  per  cent  liy  deteiigents. 

In  general  Tritcxi  X-100  and  Olate  flakes  were  the  most  effectlv* 
washing  agents^  and  differences  between  the  two  were  always  very  sli^t* 
In  most  cases,  however,  wel^t  losses  of  the  produce  during  subsequent 
storage  periods  were  greater  nhen  Trltosx  was  used*    In  the  case  of  green 
becKis,  Trit<»i  also  resulted  in  aoat  Injuzy  to  the  vegetable*  Ihe 
effective  use  of  this  material,  therefore,  is  conditioned  by  the  subeequsnt 
treatment  and  handling  to  be  given  the  treated  materials* 

Detergent  washes,  in  general,  were  mors  effective  in  removing 
residues  of  tcxxaphene  and  parathion  from  the  surface  of  sprayed  vegetables 
than  water  alone*    Uany  problems  of  ai^licatlon  remain,  however,  before 
reconuaidatlons  for  the  use  of  any  material  or  method  can  be  made* 
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APPENDIX  A  -  -  METHODS  OF  CHEMICAL  ANAIISES 

Analytical  methods  for  the  detexudnation  of  toocaphene  and  para- 
thlon  are  relatively  recent  introductions;  therefore,  theQr  are  given 
bsloir  in  detail.    The  basic  procedures,  fran  the  indicated  sources,  were 
tested  end  modified  to  meet  the  conditions  of  this  work*  Certain 
difficulties  that  were  encounterwl  and  sons  general  observations  on  the 
nee  of  these  methods  are  presented  as  being  of  possible  value  to  fature 
work*       ,  ,„;.       \      ;•■  ■  ■  ■•  -  .  •   . . 

' ' '  ■' : •  Taxaphene 

4  .  ■       ' . 

.     ^    m  prinolple  this  method  depends  upon  the  determination  of  the 
amount  of  chlorine  present,  and  calculation  of  the  toxaphene  content 
based  m  the  minimum  dilorine  content  of  technical  toxaphene*    The  ix>- 
seotleide^  in  a  solution  of  isopropanol,  is  deccm^osed      metallic  sodium, 
and  the  resulting  chlorides  detezuined  ty  argentometric  amperwastric 
titration*   Chlorine  from  other  sources  sudi  as  other  inseotloides  and 
fertilizers  will  also  be  determined  and  may  be  erroneously  calculated 
aa  toxaphene* 

The  basic  procedure  is  taken  laz^^ely  from  the  Toxaphene  Manual 
of  the  Hercules  Powder  Conpany  (56)* 
Reagents  ,       ^  n  ■ 

(1)  Isopropanol,  diy  99f  isopropanol  with  anhydrous  sodium 
sulfate* 

(2)  Metallic  sodium,  reagent  grade* 

(3)  Nitric  acid,  Itl  water  mixture,  by  volume* 
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(k)  Qelatin  soluticMa,  1^  aq\i80xi3»  '        ^  <  ' 

(5)  SiJOrer  nltz«te,  0.02  to  OmOQ$  N  accurately  staiulardised* 

(6)  Acetone^  A.C.S.,  reagent  grade. 

(7)  Hsrdrogen  peroaddef  30$  (iferok  Superoocol  or  equivalent}* 
Procedure  *■ 

After  the  surface  residue  on  the  vegetables  had  been  extracted 
nith  benaene^  aliquota  of  the  extract  solaticn  mre  taken  and  war* 
evaporated  to  about  75  nl«  voltoM  using  a  steam  bcth  and  an  air  strean 
to  facilitate  evc^oration.    The  solution  was  transferred  to  a  300  ml* 
Erlenmeyer  flask  with  a  ground^-glass  neck,  and  the  evaporaticm  continued 
to  a  voluiiB  of  5  to  10  ml*,  being  careful  not  to  take  to  diyness.  To 
this  solution  was  added  25  qlU  of  isopropanol  and  2«5  graous  of  sodiua  cut 
Into  snail  (1/8")  pieces.    The  entire  oixture  was  then  refluxed  for  30 
minutes  using  a  hot-plate  and  water-Jacketed  condoisers  with  ground-glass 
conneotiona*   The  excess  sodium  was  oautloualy  destroyed  bgr  adding  50 
per  cent  aqueous  isopropanol  dropnise,  and  refluxing  an  additional  10 
zoinutes.    Occasionally  more  alcohol  was  required  to  destroy  all  of  the 
■odiuBN   To  oxidise  traces  of  sulfides  that  msy  have  ocob  froa  sulfur 
sprays  or  other  sources,  10  al.  of  30  per  cent  hydrogen  peroxide  were 
added  through  the  condenser,  and  the  mixture  refluxed  fbr  30  minutes. 
The  solution  was  allowed  to  cool,  the  condensers  wera  washed  doim  with  10 
to  20  ml.  of  distilled  water,  and  the  solution  transferred  to  a  250  ml. 
beaker.   Using  a  steam  bath  and  a  stream  of  air,  most  of  the  alcohol 
liQrar  was  then  evaporated.    The  solution  was  acidified  with  the  Itl 
nitric  acid  to  the  phenolphthalein  end  point,  and  10  ml.  excess  added. 
Then  10  ml.  of  gelatin  saLutloD  and  suffloient  acetOM  to  make  a  50  per 


cent  ao«taa«  aolution  were  added*    The  chlorides  irers  titrated  vlth 
standardised  sllyer  nitrate  using  anpercnnetrLc  technique • 

As  applied  to  the  titration  of  dilorides,  amperometrio  titration 
la  essentially  the  measurement  of  the  current  irtiich  passes  through  tha 
solution  betireen  a  rotating  platinum  nlcroeleotrode  and  a  saturated- 
calcMael  reference  electrode.    This  current  is  plotted  as  a  function  of 
the  volume  of  a-oandard  silrer  nitrate  added.    The  end  point  is  found  at 
the  intersection  of  the  ciro  straight  lines  showing  the  current  change 
before  and  after  the  equivalence  point*   To  avoid  contaodnatian  of  the 
aolution  being  titrated  by-  diffusion  of  the  XOl  of  the  referenoa 
electrode,  a  KUO^  pool  was  used  as  an  Inteimediate  step  in  the  aalt 
bridge.   The  apparatus  used  is  shown  in  Fig.  !!• 

The  beaker  was  placed  in  position  for  titration,  and  rotation 
of  the  platinum  nicroelectrode  at  a  constant  speed  Iqt  a  suitable  motor 
begun.   After  the  system  came  to  equilibrium  (2  to  10  minutes),  tha 
flrat  reading  of  the  mlcroanDneter  was  taken,  0*25  ml.  of  standardized 
silver  nitrate  added  from  a  microburet,  and  the  anneter  reading  recorded. 
The  system  was  allowed  to  cane  to  equllibxlum  before  readings  were  made. 
As  a  standard  procedure,  readings  were  taken  after  the  additlwi  of  0.2^, 
0.50,  0.75«  and  1.00  ml.  of  allver  nitrate.    Then  more  reagent  was  added 
until  a  large  permanent  defleetlotn  of  the  amneter  was  observed.  After 
•Uie  system  reached  equilibrium,  the  reading  was  taken,  and  small  - 
additional  amounts  of  silver  nitrate  added  until  three  or  four  readings 
beyond  the  end  point  were  made. 

After  each  titration,  several  milliliters  of  KNO^  solution  wera 
permitted  to  flow  out  through  the  bridge  terminal  to  aid  in  maintaining 
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tiie  stability  of  the  circuit  ty  preventing  the  containinatton  of 
KNQj  solution  by  diffusion  from  the  titration  beator» 

ReooTszy  of  Addod  Toocf^jhene  •        ;  ,  , 

Standard  solutions  containing  from  0,80  to  50,00  ng.  of  totxaphenfl 
per  250  ml*  of  benzene  were  analysed  ty  the  above  procedures  •  The 
rttsaXtf^  glT«n  in  Table  20,  showed  an  average  recovery  of  97 •69  per  cent 
if  the  concentrations  beloir  2,00  mg,  were  ignored.    This  recovery  did 
not  differ  greatly  from  other  published  results  (|3),  and,  since  it 
was  felt  that  accuracy  and  precision  would  iaprove  with  practice,  thla 
procedure  was  followed*    The  major  variation  from  other  reports  was  in 
the  range  of  concentration  below  2.00  n«*   Aooordlng  to  the  manual  ($6) 
cited  above,  it  is  often  desirable  to  add  known  amounts  of  chlozlde  to 
bring  the  level  of  analysis  to  a  more  precise  range,  and  this  recommen- 
dation was  followed  iibenever  less  than  3*00  mg,  of  taxa^^em  were 
anticipated. 

Modifications  in  Prooedurwi 

During  the  analysis  of  sanq>les  retracted  from  celezy  it  beciMMi 
apparent  that  sub-sampUng  variability  was  excessive  and  was  causing 
somewhat  erratic  results,    Dr,  A,  H,  Qrepp  of  the  Department  of  Chemistxy 
suggested  that  aoms  steps  in  the  procedure  could  be  causing  this,  and 
several  tests  were  made  incorporatiiv  thttse  suggestions  as  changes  in 
the  procedure* 

Standard  solutions  of  ECl  containing  from  0,10  to  50,00  mg.  of 
chloride  were  analyzed  by  the  original  procedure  except  that  a  pH  mater 
was  used  to  adjust  the  solution  to  a  pH  value  of  8,6  vising  lil  nitric 
acid.   An  additional  10  ml,  of  acid  were  then  added.    Gelatin  solution» 
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Table  20*  -  -  Recovezy  of  added  amounts  of  toxaphene 


 Toxaphene  in  mg.   ,  recoveiy 

Added  i  FQund  ^  i   


0.20 

0.U6 

230,00 

0.50 

0.67 

13ii.00 

2.00 

2.07 

103.50 

5.00 

}  .  i*.52 

90.U0 

10.00 

10.2U 

102.143 

20.00 

19.80 

99.00 

50.00 

1<6.56 

93.12 

Average  per  cent  recoyery  -------  97.69 


*  Each  value  Is  the  mean  of  three  determinations  except 
values  of  2,00  ng.  aiKi  below  are  means  of  six  detezndnations. 

^  Does  not  include  per  cent  recovezy  of  amounts  less  than 
2,00  ng.     .  . 

were  made  in  small  quantities  so  that  fresh  solutions  could  be  used 

•aoh  day.   Results  obtained  by  using  this  procedure  are  shorni  in  Table  21* 

The  same  procedure  was  foUoved  in  analyzing  standard  solutions 
of  tQxaphene»  and  resulted  in  an  average  recovezy  of  99.70  per  cent* 
Amounts  of  tox^hene  less  than  3.00  og.  were  not  detected. 

B7  avoiding  the  addition  of  phenoljAxthalein  to  the  titration 
solution  and  using  only  freshly  prepared  gelatin  solutions  plus  eicpertly 
constructed  platinum  microelectrodes,  general  performance  of  the  method 
appeared  to  be  better,  although  recoveries  were  not  greatly  different. 


Table  21,  -  -  Recovery  of  chlorides  by  anperOTietric  titration  methods • 


Chloride  in  ag.  J         ce^t  recoreiy 


Added 

Found  * 

n  in 

/VI 
U.UvJ 

ft  '^ft 

0,00 

0*70 

0.60 

0*^ 

2.00 

v.,  1.97 

^•00 

U.03 

■-■  );.       5.00  . 

5.01 

10.00  ' 

■  10.29 

15.00 

/  35.69 

20.00 

20.95 

50.00 

52.96 

60.00 

85.71 
83.00 
98.50 

100.75 
100.50 
102.90 
10t;.60 
10U.75 
105.92 


Average  per  cent  recovexy  ------   103.2U  ^ 


Each  value  is  the  asan  of  thxm  detemdnaticms. 
^  Does  not  include  per  cent  recovezy  of  amounts  less  than 

2,00  Bg. 

Ar^erometric  techniques  have  been  used  successfully  to  accurately 
determine  chlorides  as  dilute  as  3  z  10*^  N  (56),    However^  under  the 
conditions  of  these  tests  such  dilutions  were  not  accurately  rasasurad* 
Results  of  plotting  the  above  data  indicated  the  range  of  greatest 
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acciirfiK^  to  be  oentez«d  at  about  5*00  ag*  of  chloride j  therefore^  sub« 
sequent  aliquote  Hfei^  based  on  this  desired  araooAt*    FLre  ndlligraxns 
of  chloride  from  standard  solutions  of  KCl  vere  added  to  any  samples 
that  were  esqiected  to  coitain  less  than  this  amount* 

The  evaporation  of  2$0  to  .^00  ml,  of  benzene  ftrom  each  aliquot 
often  required  6  to  8  hours  tine,  mudi  inconvenience,  and  resulted  in 
a  great  loss  of  benzene.   Several  tests  vers  made  using  standard  solu- 
tions of  toxe^hene,  and  evs^orating  the  sanples  by  means  of  FMedrichs 
distillation  condensers.    ApproxLmateljr  90  per  cent  of  the  solvent  was 
recovered  by  evaporating  to  a  voIubb  of  25  to  $0  ml.  before  transferring 
to  a  300  ml.  Erlenmeyer  flask  for  evaporation  to  a  volume  of  5  to  10  ml. 
prior  to  aodiuBi  decon^osition*   These  tests  showed  that  there  was  no 
apparent  loss  of  taxai^oie  by  oonoentratLon  in  this  apparatus^  which  is 
shown  in  Fig.  12,  and  this  modification  was  adopted* 

These  modifications  still  did  not  account  for  all  the  variabiL- 
itT-  encountered,  and  it  was  not  until  benzene  that  had  been  redistilled 
in  the  laboratoiy  was  checkBd  that  the  major  soTirce  of  error  was  di»- 
covered.   At  soms  tias  in  the  extensive  operation  of  the  laboratozy, 
redistilled  benzene  had  inadvertently  been  stored  in  cans  that  had  pre* 
viously  been  used  for  waste  benzene  and  other  solvents.    The  use  of 
this  benzene  at  Irregular  tdLmss  daring  sanple  extractim  and  in  laboratoiy 
procedures  was  xmdoubtedJy  the  major  source  of  error  in  analyses  of 
celezy  samples*   Analysis  indicated  that  some  of  this  benzene  contained 
ware  tlMun  10  ag.  of  chl<nlde  per  ml. 


-I*;  r>  "  .1  «^ 


Pig.  12 


-  Preidrichs  coraiensers  used  to  CQncontrate 
laige  allquots  of  extract  solutions* 


Observations  ■  '  -  •   ■  ■.   '  . 

These  observatims  aire  entirely  personal  yieirs  that  hare 
developed  during  the  course  of  the  analysis  of  raai^  hundreds  of  sanplea^ 
and  in  zoost  cases  are  not  results  of  specific  teats* 

The  sodiua-isoprop£nol  decomposition  of  "Uie  insecticide  appeared 
to  give  good  results*    It  was  relatively  rapid  and  siii;>le  and  well 
adapted  to  routine  woika   Sodiua  shot  approximately  8  to  9  bbu  in 
diameter  would  be  veiy  convenient  and  is  now  on  the  market. 

Unitiaed  fiqpparatus  for  an^erometric  titrations  has  been  offered 
recently  by  supply  houses,  and  would  certainly  be  desirable  for  aiy 
future  wozic, 

A  generally  sluggiab  response  of  the  aii^}erainetrio  titration 
assembly  seemed  to  indicate  that  the  pool  of  KNO^  required  replacement^ 
or  that  the  calomel  electrode  should  be  changed*   A  lax^e  deflection 
of  the  aimaeter  at  the  approadmate  equivalence  point  followed  \jf  a  slow 
but  steady  retuin  to  about  the  original  reading  was  an  indication  that 
an  air  bubble  had  entered  the  syst»B  or  that  the  sintered  glass  plugs 
wers  closed  by  a  precipitate*    The  aost  satisfactozy  remdy^  was  to 
clean  and  remake  the  entire  apparatus*    A  steady  increase  in  the  ammeter 
reading  near  the  end  point  that  rarely  stopped  before  reaching  the 
maximum  scale  reading  generally  indicated  a  crack  in  the  glass  wall  of 
the  platinum  microelectrode*    Platinum  microelectrodes  are  now  being 
offered  for  sale  by  supply  houses*    The  response  of  the  apparatus  to 
the  addition  of  reagent  was  normally  sudi  that  over-titrating  seldoa 
occurred  unless  such  a  crack  had  appeared*    Many  times  the  original 
current  registered  on  the  ammeter  was  so  high  that  a  good  titration  was 


iapossibls*    Sooe  of  the  eqaipment  now  offered  for  sale  is  designed  to 
pendt  adjustraent  of  resistcnce  to  bring  the  readings  to  su<^  a  position 
on  the  scale  that  accurate  msasurenents  can  be  made.    The  author  was 
nerer  able  to  do  Ufiis  with  the  expedients  ayallable*    A  possible  cause 
for  some  of  these  high  readings  ml^t  have  been  copper  salts  fr<m  the 
copper  tubing  that  was  used  as  an  air  manifold  for  evaporation  of  soai 
of  the  earlier  sajqples*    These  hig^  initial  zvadings  also  seened  to 
indicate  that  the  oalofflsl  electrode  should  be  replaced* 

The  presence  of  parathlon  residues  apparently  had  no  effect  on 
the  analysis  of  toxaphene* 

Parathion 

A  specific  method  for  the  analysis  of  parathion  was  developed 
by  Averell  and  Norris  (2),  and  modified  by  Ounther  and  Blinn  QLJ)  for 
mass  production  techidques  of  spray  residue  analysis*    This  method  is 
based  on  the  reduction  of  the  nitro  group  to  the  amine,  diazotization, 
and  co\4>ling  with  N-(l-naphthyl)eth7lenediamine  idii(di  gives  an  intense 
magenta  color  that  can  be  quantitatively  measvtred  with  a  spectrophotometer* 

The  procedure  given  below  is  taken  from  Ounther  and  Blinn  (17) 
with  some  adaptatims  suggested  Taj  workers  at  the  Florida  Agricultural 
Bicperiment  Stations* 

Procedure 

To  the  aliquot  from  the  extracting  solvent  were  added  approad* 
■ately  10  gresBs,  per  100  ml*  of  solvent,  of  a  finely  ground  2tl  mixtur* 
of  Attapulgus  clay  and  I^flo  Si^er-Gel*    This  quantity  of  decolorizing 
material  was  generally  adequate  for  such  strongly  colored  extracts  at 


those  f ran  lA&f^'f  green  regetablee^  and  iraa  reduced  for  less  intensely 
colored  extreets.   The  solutions  irere  shaken  In  a  mechanical  soil  shaker 
for  l5  iBinutes,  and  then  filtered  throu^  Sharkskin  paper*  Suitable 
allquots,  depending  on  the  anticipated  amount  of  parathi(»  in  the  ozlginal 
saa^le,  were  placed  in  2^0  ml.  beakers  and  quicklj  evaporated  at  80°  to 
90°C,  to  a  moist  residue*   A  gentle  current  of  iapinging  air  aided  ia 
the  eraporation*  4".  ,■        -i  • 

To  iixo  residue  were  added  10  nl*  of  9$  per  cent  ethanol,  10  ml* 
vatar,  2  ml*  of  5  N  HCl,  and  i^proxiaately  0*5  gran  of  powdered  zinc* 
The  resulting  mixture,  with  the  beaker  corered  by  a  watch  glass,  was 
madLntalned  at  80°  to  90°G.  for  20  minutes*    The  z^uctimi  mixture  was 
filtered  at  onoa  through  Sharkskin  paper  into  a  100  ml*  volunstrlo  flask, 
and  the  filter  cake  washed  with  three  7-4nl*  portions  of  water*  Exactly 
1*0  ml*  of  0*25  per  cent  sodium  nitrite  solution  was  added  with  shaking 
to  the  coidbined  filtrates,  followed  after  exactly  10  minutes  by  1*0  ml« 
of  2*5  per  cent  ammordum  sulfamate  solution  with  shaking*   After  another 
10  aimtes,  2.0  ml*  of  a  1-per  cent  solution  of  N-(l-naphth7l)ethylene- 
dittidiM  dLhydrochloride  were  added  with  shaking.    The  magenta  color  ±r^ 
dicatlYe  of  the  parathion  developed  at  this  stage*   After  a  10-minute 
developaBnt  period,  50  ml*  of  95  per  cent  ethanol  and  2  ml*  of  3  N  iiCl 
were  added,  and  the  volume  adjusted  with  water*    If  cloudy,  the  final 
mixture  was  extracted  in  the  flask  with  two  5-ml*  porM.ons  of  petroleum 
•ther  (30°  to  60°  or  60°  to  70°C.)*  ■  ^ 

The  transmlttance  of  the  final,  optically  clear  solution  was 
determined  with  a  Beckman  Uodel  "B**  8pectrophot<»&eter  at  a  wave  length 
of  555  W  and  a  slit  width  of  0*2  to  O.U  Bm.  against  a  reagent  blank* 


The  quantity  of  parathion  ims  detexvLned  Iqr  oooparing  the  observed 
transmlttance  with  a  standard  curve  prepared  ty  analyzing  known  amounts 
of  parathion  by  the  same  proced\ire,  ■   i!.  .  i  j  . 

< 

Modifications 

Removal  of  the  greater  portLm  of  the  solvent  fT<m  the  original 
aliquots  was  done  with  the  Friedrichs  condensers  followed  ly  the  co»- 
plete  evaporation  from  the  beakers  on  a  hot-^late  at  a  tenqperature  of 
80°  to  90^«    No  loss  of  pazathlon  resulted  froM  this  procedure. 

'  "    Ifosl  residue  studies  have  been  nada  on  crops  treated  only  with 
the  insecticide  uixler  investigation)  therefore,  no  information  uras 
available  concerning  the  possible  effect  of  another  insecticide  such 
as  toxai^ene  on  the  analysis  of  parathi<m«    However,  tests  showed  no 
difference  between  recorezy  of  parathion  from  solutions  containing  5  to 
10  ng.  of  toxaphene  and  those  containing  no  taKC^>hen8,  nor  did  the  toxa* 
phene  alone  produce  color  measurable  at  555 

Cfbsermtions 

This  method  has  been  widely  adopted  and  is  highly  recaanended 
many  workers.    Sufficient  work  has  been  done  to  deteznlne  the  most 
satisfactory  conditions  for  usage,  and  no  difficulties  were  encountered 
in  its  use* 


APPEa^IX  B  -  -  lABL&S  OF  SIAXISIICAL  ANALTSES 


Table  22,  -  -  Analysis  of  variance  (random  design)  of  tcocaphene  in 
ag.  on  treated  filter  papers  water-cashed  with  fog 
nozzles* 


t     Degrees       t  t 
Source  of  variation    i        of  i    M»an  square     x       F  value 

t     freedom       i  »  


Total 

8 

Washing  time 

I  ' 

0,3»3U   

Error 

6 

1.1965   

Table  23.  -  -»  Analysis  of  variance  (random  design)  of  parathlon  in 

on  treated  filter  papers  water-washed  with  fog 
nozzles* 

1 

Source  of  variation  t 

t 

Degrees 

of 
freedwn 

}  t 

:  Mean  square     t       F  value 
:  t 

Total 

8 

Washing  time 

i 

0,0885  U.Oli 

Error 

6 

0,0219                -  -  - 

90 


Table  2h»  -  -  Analysis  of  variance  (random  design)  of  toauphene  in 

mg.  on  treated  filter  papers  water-washed  by  immersion. 


Source  of  variation    x        of  i    Mean  square  t       F  value 

»  freedom  t  i  

Total       .:  ;  .  V  ..^^  ■  — : 

washing  tins      '  '  0.66U2  2,k$ 

Error  |i  0.2706   


1_  ...  ....    -ii   ,  i/^^4f|»>"  .     >  -     .    ■      ,  ...        -     C  <   Ik     -1...    J  .4*ai;  '  ~ut     .      t    .  •  «     M  I,,  t 

.  ■ '  V  ' ;    J*  - 

Table  25«  -  -  Analysis  of  variance  (random  design)  of  parathion  in 

mg.  on  treated  filter  papers  watei^^ashed  by  inmersion* 

I     Degrees       t  i 
Source  of  variation    t        of  t    Mean  square    i       F  value 

I     freedom       t  t  

Total  $...  mm-im.  *  -  • 

lashing  time                       t                   0.073l»  1.85 
Error  4  0.0397   


Table  26,  -  -  Analysis  of  variance  (split-plot)  of  weight  loss,  in 
per  cent,  of  celery  harvested  2  hours  after  spraying i 
6  replicates,  k  washing  treatments,  and  3  storage 
"iimes Winter,  1952-53. 


Source  of  variation 

t  Degrees  t 
t     of  t 
I  freedom  t 

Mean  square 

t 

t    ¥  value 
t 

Total    

71 

—  —  — 

Hfd-n  plots 

«» 

Replications 

S 

2.987 

1.71 

Washing  treatments 

1 

8.11*9 

U.67  ♦ 

Error  (a) 

1.71*5 

Sub-plots  in  main  plots 

m 

Storai;e  Urn 

t 

36.207 

11*3  «» 

Waiting  treatment  x  storage  tiioe 

6 

0.288 

1.21* 

B^ror  (b) 

lie 

0.252 

♦  Significant  at  the  0.05  level  of  probability. 


♦»  SignLfloant  at  the  0.01  level  of  probability. 


Table  27»  -  -  Analysis  of  variance  (split-plot)  of  weight  loss^  ia 
per  cent,  of  celery  harvested  2  weeks  after  sprayiiigi 
$  replicatesj  k  washing  treatnents^  and  3  storage 
'     ■  times  -  -  Winter,  19$2-53. 


Souroe  of  Tariation 

t  Degrees  t 
t     of  : 
t  freedcni  t 

Mean  square 

t 

t  F  value 
1 

rOb&X 

Main  plots 

19 

"*  ■* 

Replications 

U 

1.109 

mtahing  treatnenta  '■. 
Error  (a) 

3 

0.66I 

mm  mm  tm 

12 

1.53U 

Sub-plots  in  main  plots 

Uo 

«■   mm  mm 

mm   mm  mm 

Storage  tine 

2 

17.138 

138  «» 

Washing  treatment  x  storage  time 

« 

0.052 

» 

m 

Error  (b) 

32 

0.12li 

*»  Significant  at  the  0.01  level  of  probability. 


Table  28.  -  -  Analysis  of  variance  (split-plot)  of  weidit  loss,  in 
per  cent,  of  green  beans i  3  replicates,  u  washing 
treatments,  and  3  storage  Hhbs  -  -  Spring,  19^3, 


SouiTce  of  variation 

:     Degrees  t 
t         of  t 
1      xreeaom  t 

Mean  square 

s  F 
1  value 

Total 

35  . 

Main  plot 

J 

•,  .;  *  lit      ''!'  -f'-^i'  ■ 

-  -  - 

-  -  - 

Washing  treatments 

J 

28.96 

ll,li9 

Replications                  c"  !'  ^ 

5,73 

2.27 

Srror  (a) 

2.55 

-  -  - 

Sub-plots  in  nain  plots 

Storage  tine 

i 

388.67 

1Q50  « 

Washing  treatment  x  storage  time 

6 

1.068 

2.89 

C  vs.  D,S,a  X  storage  time 

1 

0Ji27 

1.12 

D  vs.  E  vs.  0  X  storage  time 

-  1.389 

3.75 

E  vs.  D,  Q  X  storage  tLos 

t 

2.201 

5.95 

E  vs.  Q  X  storage  time 

• 

*  0.071 

E  vs.  D  X  storage  time 

2.706 

7.31  ^ 

D  vs.  0  X  storage  time 

1 

0.576 

1.56 

Error  (b) 

U    ■  ■ 

0.370 

♦  Significant  at  the  O,05  level  of  probability. 
«♦  Sigiifioant  at  the  0.01  level  of  probability. 


Table  29.  -  -  AnaJyais  of  variance  (randondxed  blocks)  of  toxaphene 
in  ng,  on  green  beans  t  3  blocks,  ^  washing  treatments 
-  -  Spring,  1953. 


Source  of  vailation 

:  beprees 
1  of 
t  fraedoai 

t 

t    Mean  square 
1 

t 

t     F  Talus 
t 

Total       ^.  ^           _ .  , 

Blocks  ' 

2 

18,231 

5.33  *♦ 

Washing  tre«itmant« 

86.018 

25.16  *» 

8 

3.U18 

««  Significant  at  the  0.01  level  of  probablUtgr* 


''II'  .    ■     .  '  •  ■  ;  • 


Table  30*  ■*  -  An&ly&ls  of  variance  (randomized  blocks)  of  parathlon 
in  fflg.  on  green  beans  t  3  blocks,  and  5  crashing  treat- 
seats  -  -  Spring,  1953»"" 


1 

Source  of  variation  t 

Degrees 

of 
freedc» 

i  X 

1    Mean  square  t 
t  t 

F  value 

Total 

11* 

Blocks 

2 

0.71*1*7 

36.86  «* 

Washing  treatments 

U 

0.1102 

6.99  ♦ 

Error 

8 

0.0202 

*  Significant  at  the  0.Q5  level  of  probability. 
«*  Significant  at  the  0.01  level  of  probabLlilgr. 


Table  31.  -  -  Analysis  of  variance  (randomised  blocks)  of  toxaphene 
in  mg,  on  green  beans  i  ^  bloods  and  £  washing  treat- 
ments -  -  Fall,  1?53* 


t 

Source  of  variation  t 

t 

Degrees 

of 
freedom 

t  t 
t  Ifean  square  t 
t  « 

F  value 

Total    .  ■ 

111 

Blocks  ^ 

a 

19.58  ** 

lashing  treatments 

k 

375.53 

13.23  «♦ 

Error 

8 

28.39 

«*  Significant  at  the  0.01  level  of  probabLlity. 


Table  32.  -  -  Analysis  of  variance  (randomiaed  blocks)  of  parathion 
in  mg.  on  green  beans:  3  blocks  and  £  washing  treat- 
ments -  -  Fall,  1953.  " 


t 

Source  of  variation  t 

t 

Degrees 

of 
freodon 

t  t 

I    Mean  square  t 
t  t 

F  value 

Total 

lU 

Blocks 

2 

5.715 

53.93  *» 

Trashing  treatments 

k 

2.096 

19.77  «» 

Error 

8 

0.106 

f  '      -  . 
mm   mm  ^ 

<t»  Significant  at  the  0,01  level  of  probability. 


91 


Table  33»  -  -  AnalyBis  of  rariance  (split-plot)  of  wei^t  loss.  In 
per  cent,  of  tatoatoes:  6  replicates,  k  urashing  treat* 
merits,  and  3  storage  tiaes  -  -  Spring  19$3« 


Souirce  of  variation 

t  Degrees 
J  of 
1  freedom 

I 

1  Mean  square 
t 

t 

t  F  value 

Total 

71 

tm  m  m 

Main  plots               ■  * 

23 

Replications 

$ 

1.357 

6,17  «» 

Washing  treatments 

3 

0,336 

1.53 

Error  (a) 

15 

0.220 

Sub-plots  in  main  plots 

U8 

Storage  time 

•  ■ 

20.1*1*5 

222  «» 

Washing  treatment  x  storage  time 

0.024 

Error  (b) 

ko 

.  0,092 

»»  Significant  at  the  0,01  level  of  probability* 


Table  3U-  -  -  Analysis  of  variance  (randoniaed  blocks)  of  toxaphene 
in  rag,  on  tomatoes  j  $  blocks  and  ^  washing  treat- 
ments  -  -  Spring,  \^3* 


• 

Source  of  variation  : 

t 

Degrees  i 
of  X 
freedom  t 

Mean  square 

1 

t    F  value 
t 

Total 

2U  , 

Blocks 

1.13 

Washing  treatments 

k 

,  .  0,629$ 

1.80 

Error 

2  nisslng  plots 

-* 

Error 

'  0.3U99 

"      .  '.1 

•f  ■  ;.;„   •,  %'    .•  •'        i    •.  • 


Table  35.  -  -  Analysis  of  variance  (randomized  blocks)  of  parathion 
in  ng.  on  tomatoes i  6  blocks  and  5  washing  treats 
ments          Harvest  I  -  -  Spring,  1953. 


• 
• 

Source  of  variation  i 

Degrees 

of 
freedom 

X  1 

t   Mean  square  t 
t  t 

F  value 

Total 

Blocks         *       '  '  ■ 

o.ooUlo 

0.707 

Washing  treatments 

,  ^  ^  0.00593 

1..022 

Error 

^-  m  ' 

0.00580 

n 


Table  36,  -  -  Analysis  of  variance  (randondzed  blocks)  of  parathian 
'        in  mg,  <Mi  tomatoes:  U  blocks  and  5  washing  treat- 
ments -  -  Harvtjst  n*"-  -  Spring,  T9$3« 


• 

• 

Source  of  variation  t 

t 

begrees 

of 
freedom 

:  t 
t    ISean  square  t 
>  t 

F  value 

Total   .  , 

Blocks 

3 

0,0369  j 

16,0U  SH» 

Washing  treatments 

k 

0.0025 

1.09 

Error 

12 

0,0023 

Significant  at  the  0,01  level  of  probablli-ly. 


Table  37,  -  -  Analysis  of  variance  (randomiaied  blocks)  of  toxa?)henB 
in  ajg,  on  laustard  greens i  3  blocks  and  5  washing 
treatmer  ts  -  -  Fall,  1953."*  "* 


t 

Source  of  variation  t 

1 

Degrees 

of 
freedom 

t  > 
t  Mean  square  t 
1  t 

F  value 

Total 

Blocks       '           '  '  ; 

• 

m 

1.31 

Waahixig  treatooits 

k 

23,1*08 

3U,22  *• 

8 

«»  Significant  at  the  0,01  level  of  probability, 

t.. ' 


Tabl«  380  -  -  Analysis  of  variance  (randomized  blocks)  of  parathlon 
in  rag,  on  mustard,  greens:  2  blocka  and  ^  irashing 
,  .- .  treatments  -  -  Fall,  1953* 


• 
• 

Source  of  Tariation  t 

1 

Degrees 

of 
freedom 

3 

t    Mean  sqiiare 
t 

t 

:      F  value 
t 

Total  . 

«■  » 

Blocks     ^     ,  .;,  ,           ■  - 

1.827 

l.lt« 

Washing  treatments 

k 

266,639 

216  *»  ,,  . 

Error 

8 

1.233 

-  «  4» 

■N*  Signifioant  at  the  0.01  level  of  probabilllgr. 
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